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Summary
The history of navigation aids in Great Barrier Reef waters is outlined beginning in mid19th century 
colonial times and extending through the transfer of responsibility  for offshore navigation aids from 
Colonial governments to the Commonwealth government following Federation in 1901. The 
various environmental, engineering and logistical problems of constructing structures in coral reef 
regions are discussed using structures at  Raine Island, North Reef and Pipon Island as examples. 
New technology  developed in the early 20th century allowed the use of unmanned acetylene lights 
in remote areas and an increasing number of such lights were built following the Commonwealth 
assuming responsibility for offshore navigation aids in 1915. The costs associated with building 
these lights generally depended upon the foundations on which they were built  and the degree of 
exposure to prevailing winds and waves at each site.
The damage caused by  cyclones Ada and Althea in the early 1970s highlighted the need for more 
accurate real time weather forecasts and automatic weather stations were built on various reefs and 
cays in the Coral Sea and outer Great Barrier Reef regions. The case histories from various 
navigation aids and weather stations constructed on reefs and cays have provided a good 
understanding of the tropical coral reef environment and indicate how the location and design of 
such structures can be adapted to both this environment and new technology. 
During the last thirty years the adoption of new technology for aiding navigation and servicing 
remote structures has reduced the need for some structures. Moreover, the location of new 
structures along the edges of the navigation channels in the inner Great  Barrier Reef and Torres 
Strait has eliminated the need to build these structures on reefs and cays.
Keywords: Engineering structures, Navigation aids, Lighthouses, Weather stations, Beacons, Coral 
reefs, Cays, Marine environment, Great Barrier Reef, Coral Sea, Torres Strait
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Historical sources and citations
Historical material and construction and maintenance data for the navigation aids and weather 
stations described in this report have been obtained from a number of sources.  These include 
Queensland Parliament Legislative Assembly  (QPLA) -Votes and Proceedings (V&P), Queensland 
Parliamentary Papers (QPP) and other unpublished documents in Queensland State Archives (QSA) 
or supplied by  the following Commonwealth Departments: Transport (Brisbane and Canberra); 
Housing and Construction (Brisbane); Local Government and Administrative Services ( Brisbane); 
Australian Survey Office (Brisbane); and Bureau of Meteorology ( Brisbane).
These sources are given in footnotes to the relevant text. 
See below for citations of QPLA & QPP, V&P
1. Queensland Parliament Legislative Assembly, Votes and Proceedings 1860-1901
Report of the Department of Ports and Harbours
Report on Harbours and Lighthouses
Report of the Marine Department
Referred to in footnotes as QPLA, V&P 1879, Vol. 2, p. 913, etc
2. Queensland Parliamentary Papers, Votes and Proceedings 1902 onwards
Report of the Marine Department
Referred to in footnotes as QPP, V&P 1912, Vol. 3, p. 974, etc.
Journal articles, books and published reports are listed in alphabetical order of authors’ names under 
References and cited in the text by author’s surname and year of publication, e.g. Brewis 1912
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1. INTRODUCTION
In the early 1980s the author undertook a research project for the Great Barrier Reef Marine 
Park Authority (GBRMPA) on the processes forming and maintaining the coral cays of the 
Great Barrier Reef (GBR) and their implications for the management of marine parks. A 
preliminary report was submitted to GBRMPA (Gourlay 1985). A considerably expanded but 
still incomplete draft was subsequently  prepared in 1988 but was not completed. One of the 
topics researched and discussed in the latter draft was the use of cays and reefs in the GBR 
and nearby coral reef regions as locations for navigation aids and weather stations. Aspects of 
this research have been presented orally at the PACON1 1994 Conference in Townsville and 
at the SOPAC2  1995 Coastal Workshop in Rarotonga, Cook Islands. A more substantial 
presentation was given to Engineers Australia Maritime Panel in Sydney in November 2004 
and it was the author’s intention to prepare an expanded written version of this latter 
presentation for publication. For various reasons, this has not been possible until now.
In the 1980s and 1990s Australian coastal engineers engaged in research concerning waves 
on coral reefs so that they  could better understand reef-top hydraulics and its influence on the 
movement of sediments on reefs and the erosion and accretion of reef-top  islands and reef-
protected beaches (Gourlay  1996, pp. 57-58). An overall general understanding of waves and 
their influence upon reef-top hydraulics, resulting from Australian and overseas research, has 
been presented elsewhere by  the author (Gourlay 2011b, c & d). The provision of 
infrastructure to support human occupation of reef islands, including the location of 
navigation aids and weather stations on them, also has been reviewed (Gourlay 2011a).
The history of Australian lighthouses up to 1988 has been recorded by Reid (1988) and 
comprehensive images and descriptions of all Australian lighthouses existing at the beginning 
of the 21st century have been published by  Ibbotson (2001, 2006). For overviews of the 
historical development of the optical systems and illumination technology used in lighthouses 
generally see Komesaroff (1980, 1982). 
This report discusses the coastal engineering aspects of navigation aids and weather stations 
located on the reefs and cays of the GBR and adjoining Coral Sea and Torres Strait regions.
 
1
1 PACON - Pacific Congress on Marine Science and Technology
2 SOPAC - South Pacific Applied Geoscience Commission
2.  HISTORY AND GENERAL DESCRIPTION OF NAVIGATION AIDS
Ever since James Cook’s ship, Endeavour, struck the reef which now bears its name, mariners 
have been well aware of the dangers of navigating the waters of the Great Barrier Reef.  One 
of Australia’s earliest permanent navigation aids is the stone beacon constructed in 1844 on 
Raine Island. It marks the entrance through the outer barrier reefs, which at that time was 
taken by vessels sailing northwards outside the GBR, and intending to pass through Torres 
Strait (Figure 2.1).
Subsequently, after the appointment in 1862 of George Poynter Heath as Portmaster and 
Marine Surveyor of Queensland,3  twelve major lighthouses and several minor ones were 
constructed along the Queensland coast between 1868 and 1890 (Thorburn 1967).  Three of 
these lighthouses – Lady Elliot Island, North Reef and Low Isles – were located on coral 
cays, while several others were located on high continental islands or coastal headlands in 
GBR waters.4  These manned lighthouses, together with three manned lightships5 and various 
unlighted beacons, guided ships sailing through the inner GBR shipping channel during the 
last quarter of the nineteenth century and the first decade of the twentieth century.  Apart 
from the replacement of the Channel Rock lightship near Pipon Island, just north of Cape 
Melville, with a manned light tower in 1901 following the loss of the light ship  in the March 
1899 Mahina cyclone, no further construction took place until the second decade of the 
twentieth century.
The provision of navigation aids was recognised early  as an activity  requiring cooperation 
between the various Australian colonial governments.  A lighthouse conference was held in 
Sydney in 1873, at which it was agreed that, while each colony  should pay the cost of lights 
on its mainland coast, the cost of lights on islands and in channels away  from the coast should 
be shared by the various colonies in proportion to the tonnage of their shipping using these 
lights.  Hence Queensland contributed to the cost of maintaining lighthouses in Bass Strait, 
but at the same time received contributions from the other colonies for the maintenance of 
 
2
3 Australian Dictionary of Biography Vol. 4, 1851-1890 D - J, p. 372.
4 Bustard Head 1868, Cape Capricorn 1875, Pine Islet 1885, Dent Island 1879, Cape Cleveland 1879,  Goode 
Island 1886, Booby Island 1890 (Thorburn 1967).
5 The lightships were moored off Piper Islands, Claremont Islands and Channel Rock. The last one was 
commissioned in Dec 1877 (QPLA, V&P 1879, Vol. 2, p. 913).
Lady Elliot Island and North Reef lighthouses, the lightships on the inner route to Torres 
Strait, as well as the light on Booby Island, all except the last being within GBR waters.  Both 
the dangers of coral reef waters and the problems of intergovernmental cooperation at  that 
time are highlighted by a resolution of the lighthouse conference that “notwithstanding that 
Bramble Cay is beyond the jurisdiction of the Colonies now represented, it is nevertheless an 
important position in the navigation of the great north-eastern channel to Torres Strait, and 
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Figure 2.1 Great Barrier Reef and adjoining regions
they agree to recommend that the attention of their respective Governments should be invited 
to the matter, with the view to having a light erected there ... .”6 While an unlighted beacon 
was first erected on Bramble Cay in 1884-85,7 it was not until the second world war (1944) 
that a light was erected there.
The control of lighthouses, light ships, beacons and buoys in Australian coastal waters was 
transferred to the Commonwealth Government in 1901 under the Commonwealth of Australia 
Constitution Act Part V Sec VII.  However, there was a delay  in the construction of additional 
navigation lights in the early  twentieth century because of the difficulties experienced by the 
Commonwealth and States in coming to agreement concerning the details of the 
Commonwealth Lighthouses Act, which was eventually  passed in 1911.  Negotiations 
concerning the terms for transfer of existing lighthouses to the Commonwealth took some 
further time, and it  was not until 1 July 1915 that existing coastal navigation aids, excluding 
those associated with harbours, were transferred to the Commonwealth.8
On 1 June 1911, while these negotiations were still in progress, the Commonwealth 
Government appointed Commander C. R. W. Brewis to report on both existing lights and 
additional lights required around the coastline of Australia.  He completed his work in March 
1913.  In his report on the lighting of the northeastern coast from Torres Strait  to Cape 
Moreton Brewis highlighted the difficulties of navigation inside the GBR, where for over 
1600 km the shipping channel “is studded with islands, reefs, and other dangers to 
navigation”.  He noted that “vessels are frequently required to remain at anchor all night and 
wait for daylight on account of the great risks which would be incurred by proceeding during 
the dark hours, even though a pilot may be on board.” (Brewis 1912).  A few years later the 
Director of Lighthouses, J. F. Ramsbotham, reported that between 1891 and 1919, 201 
steamers and 187 sailing vessels had been wrecked on the GBR.  Of these 388 vessels 144 
were totally  lost and 162 persons drowned.  The number of shipwrecks elsewhere on the 
Australian coast was comparatively small (Ramsbotham 1919-1920).   There was clearly an 
urgent need for additional navigation aids along the inner GBR passage.
 
4
6 QPLA, V&P 1874, Vol. 2, p. 829.
7 QPLA, V&P 1885, Vol. 3, p. 408.
8 The formation and early development of the Commonwealth Lighthouse Service has been recorded by 
Komesaroff (1976) and Reid (1988).
Construction of new lights in Queensland commenced towards the end of 1913.  Within the 
GBR waters, this work included both the conversion of the Pipon Island manned light to 
automatic operation and the replacement of the two remaining lightships by unmanned 
automatic lights, as well as the construction of several new unmanned lights, most of which 
were located on coral reefs or cays between Cooktown and Thursday  Island (Ramsbotham 
1919-1920).  During the next twenty  years the number of navigation aids in Great  Barrier 
Reef waters increased steadily  and in December 1939 Brewis’s plan for lighting of the inner 
GBR channel was nearing completion (Gleghorn 1939).  In December 1986 there were two 
manned lighthouses, 40 unmanned lights, and approximately 15 unlighted beacons 
(daymarks) on the various cays and reefs within the Great Barrier Reef Marine Park.  A 
further 10 lights and one unlighted beacon were located on the cays and reefs of Torres Strait 
and the Coral Sea.  The structures themselves ranged from the traditional, iron-clad, timber-
framed towers of the nineteenth century  lighthouses at Lady Elliot Island, North Reef and 
Low Isles, through various steel, and subsequently, stainless steel lattice towers on concrete 
foundations, or glass reinforced plastic cabinets on concrete bases of the then recently 
constructed Hydrographers’ Passage lights (Van Der Loos and Hornsby 1986).
A historical summary of significant developments of navigation aids and automatic weather 
stations on the reefs and cays of the Great Barrier Reef, Torres Strait and Coral Sea during the 
period from 1844 to 2011 is given in Appendix 1.
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Figure 2.2 Beacon being built at Raines Islet, commenced 
on 16 June and completed 12 September 1844              
(Watercolour by Edwin Augustus Porcher                         
National Library of Australia  PIC Drawer 3521 R5710)
3. ENVIRONMENTAL, ENGINEERING AND LOGISTIC PROBLEMS 
OF EARLY NAVIGATION AIDS CONSTRUCTED ON CORAL CAYS
3.1 Raine Island beacon - marking a passage through the Great Barrier Reef              
The difficulties of navigating the inner route inside the reef, especially  by sailing ships, led to 
northward voyaging vessels taking a route east  of the Great Barrier Reef until a convenient 
passage could be found to pass through the reefs and through Torres Strait.  Several vessels, 
beginning with the Pandora in 1791 and including an increasing number in the 1830s and 
early 1840s, were wrecked on the outer reefs in the vicinity  of Raine Island, while seeking a 
safe passage through the reef.  In 1843, after visiting Raine Island, Captain Blackwood of 
HMS Fly recommended the construction of a stone beacon there.  This was done over a 
period of several months in 1844, using coral limestone from the island and timber from the 
wreck of the Martha Ridgway, which lay on a reef some distance to the south (Jukes 1847). 
Unfortunately, the presence of the beacon was not  sufficient to prevent ship wrecks and many 
more ships were wrecked in this region during the mid19th century  (Lavery  1986). After 
almost 150 years of neglect, vandalism and lack of maintenance in the severe marine 
environment of the outer GBR, the beacon, now the oldest European structure in tropical 
Australia, was threatened by  undermining of its cay rock foundations by  nesting turtles. In 
1987 it was restored and refurbished internally by the Raine Island Corporation for scientific 
research concerning the island’s fauna and their ecology (Spratt 1996) (Photos Appendix 5.1).
3.2 Manned lighthouses and beacons - aiding sailing inside the Great Barrier Reef
During the 1870s manned lighthouses, together with residences and service buildings, were 
constructed on Lady Elliot  Island, North Reef and Low Isles and later in 1901 on Pipon 
Island.  Unlighted beacons were erected on various reefs along the inner shipping route from 
Cairns to Cape York and on Bramble Cay in the far north to mark the entrance to the Great 
North East Channel of Torres Strait.  Furthermore, the distinctive features of coral cays, such 
as a clump of pandanus trees which gave One Tree Island its name (Jukes 1847, pp. 4-5) or 
the two clumps of trees which identified Pelican Island (King 1827, pp. 291-292), were 
essential navigation aids in the dangerous reef-infested waters along the Queensland coast. 
Indeed in the 1890s the pilot vessels based at north Queensland ports were used to convey 
coconut palms and other trees to various islands and reefs (cays) to be planted as navigation 
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aids, since the trees made the reefs more conspicuous and were more serviceable than 
beacons. Moreover, coconuts would provide sustenance for shipwrecked mariners.9
Apart from its isolated location, no significant technical problems were experienced in the 
construction of the Lady  Elliot Island lighthouse, which marks the southernmost reef and cay 
of the GBR.  An earlier temporary  light had been operating on Lady Elliot Island since 1866. 
In 1873 a permanent lighthouse was constructed there with a timber frame of colonial 
hardwood covered by iron boiler plate. This system, which was unique to Queensland, 
became the colony’s normal construction technique for light houses10  and eleven more were 
built  during the 19th century (Marquis-Kyle 2009). It  was a design well adapted to meet “the 
need for navigation aids on a long and treacherous coast, with small budgets, on sites 
without sources of building stone or brick and with limited resources of skilled labour.” 
These lighthouses “ were innovative in their use of prefabrication, in their combination of 
concrete, timber and iron in the one structure, and in the structural efficiency of their 
design.”(Marquis-Kyle 2010). Both Lady Elliot  Island lighthouse and Low Isles lighthouse, 
which was completed five years later in 1878, were constructed on concrete bases located on 
the stable portions of coral cays (Photos Appendix 5.2). Houses and other buildings were 
constructed nearby to accomodate the light-keepers and facilitate their maintenance activities.
However, the difficulties of constructing and maintaining navigation lights in the GBR region 
become evident when the histories of the North Reef and Pipon Island lights are considered. 
The construction of the substantial North Reef light in a very exposed location was both 
difficult and expensive.  The provision of a satisfactory and economical light at cyclone-
prone Pipon Island was not possible until the development of the automatic acetylene light.
 
7
9 QPLA, V&P 1891, Vol. 4, p. 523.
10 Iron clad lighthouses Queensland. DoT, Marine Safety Division, Executive Services, Sep. 1986, 15 p.
3.3 North Reef lighthouse - a major achievement of construction in a remote location
North Reef lighthouse marks the northernmost exposed reef of the Capricornia Section of the 
GBR. In the 1870s North Reef cay was a shifting sand bank, 160 to 180 m long by  40 to 70 m 
wide, “composed of nothing but dead coral”.11 At least one half of its length was covered and 
awash at high spring tides. At that time the length and width of the cay were only about half 
its length and width measured more than a century  later by Flood (1984). There is no record 
of any  vegetation on the cay  in the 1870s. Indeed it is most unlikely that a cay of its then size 
on a small reef in such an exposed location would have had any permanent vegetation, since 
the minimum threshold width for vegetated cays in exposed locations in the GBR is about 65 
m (Gourlay 1985).
The initial site inspection for the North Reef lighthouse was made by Colonial Architect F. D. 
G. Stanley in June 1875. In submitting his plan and cost estimate of £7500 in October 1875, 
Stanley stated that he 
had “aimed at making 
t h e w h o l e a s 
s u b s t a n t i a l i n 
character as possible 
which appears to me 
a matter of unusual 
importance from the 
very exposed nature 




11 QPLA, V&P 1879, Vol. 2, p. 912.
Colonial Architect F D G Stanley in his Memorandum submitting plans of proposed lighthouse, North Reef, 
Capricorn Channel sent to the under secretary for public works on 28 Oct 1875 (QSA, item 1078776) states that 
the sand bank was “about 600 ft [183 m] in length and 40 feet  [12 m] in width.”  A cay of this width would have 
been very unstable. However it is unclear whether these dimensions are those of the sand deposit on the reef flat 
or whether they are dimensions measured at high tide.
12 See F D G Stanley Memo in previous footnote.
Figure 3.1 North Reef lighthouse: elevation and section 
(National Archives of Australia: A9568, 3/7/1)
Tenders were called in late January 1876 and received in March. The lowest tenderer, John 
Walker & Co of Maryborough, was able and willing to start work immediately but could not 
do so because funds for constructing this lighthouse had not  been approved. It was almost 12 
months before the contract was finalised and work could begin in late January 1877. North 
Reef lighthouse was located on the sand cay, but its foundation was the underlying reef rock. 
The iron-clad timber-framed tower, 18.3 m high, was constructed on the mainland and 
erected on a base formed by a cylindrical cast iron caisson, 12.2 m in diameter, filled with 
concrete. This base, which was made at Walker’s foundry in Maryborough, was 5.2 m high - 
4.6 m through the sand cay and 0.6 m into the underlying coral reef surface. Circular tanks 
were formed in the concrete base, both to reduce the quantity  of concrete required and to 
store fresh water. The latter was collected from both the sides of the tower and the roof of the 
light-keepers’ quarters which occupied a circular wooden building, surrounding the lowest 
level of the tower. North Reef lighthouse was completed in 1878 (Thorburn 1967). 
In 1884 it was recorded that  the cay had moved eastward, “leaving the foundation of the 
tower bare down to the rock, but the structure is thoroughly firm and solid, ... .”  Even so, the 
light keepers had succeeded in getting grass to grow over the white coral sand to reduce the 
glare from it.13  The cay continued to move eastward away from the foundation caisson, and a 
gangway or jetty was constructed in 1886-87 linking the lighthouse with the cay, which was 
still referred to as a “sandbank”.14   In 1889, the cay is referred to for the first time as a 
“vegetated island”, and is stated to have been moving southward for some years.15  During a 
gale and high tides in March 1891, the cay is reported to have been completely submerged. 
The doors and windows of the circular wooden building surrounding the lowest level of the 
tower were smashed in, and the light-keepers’ quarters flooded.  Sand to a depth of about 4.3 
m was washed away, leaving the foundation caisson exposed on the reef flat.  No record of 




13 QPLA, V&P 1884, Vol. 3, p. 794.
14 QPLA, V&P 1887, Vol. 4, p. 12.
15 QPLA, V&P 1889, Vol. 3, p. 834.
16 QPLA, V&P 1891, Vol. 4, p. 518.
Repairs to the cast iron foundation caisson were required several times between 1895 and 
1912 during the period when the structure was not protected by the sand cay.17  The gangway, 
which in 1911 was about 37 m long,18  had been repaired in 1907,19  and was later 
reconstructed in 1929.  By 1948, the high water mark of the northern beach of the now 
vegetated cay had moved northwards again, and the jetty was no longer required (Figure 3.2). 
Northward movement of the cay continued, and during the period of Flood’s observations, 
 
10
17 QPLA, V&P 1895, Vol. 3, p. 697; 1899, Vol. 3, p. 1026; 1901, Vol. 3, p. 1307; QPP, V&P 1912, Vol. 3, p.974.
18 Brisbane Courier 1911 Apr 12, p. 4.
19 QPP, V&P 1907, p.707
Figure 3.2 North Reef lighthouse - November 1948          
(National Archives of Australia: A1200, L11611)
1969 to 1980, both the tower and the jetty were completely  surrounded by sand (Flood 1984) 
(Photos Appendix 5.3).  The total area of the vegetated cay  had gradually  increased and in 
2011 might have been as much as four times that of the unvegetated sandbank on which the 
lighthouse was built more than 130 years previously.  In 2014 the lighthouse was in the centre 
of the cay (Photos Appendix 5.4) and the base of the cay’s southern beach was littered with 
concrete slabs and other debris from the buildings which in the 1920s had been located on the 
cay  south of the lighthouse (Figure 3.3). It is highly probable that the presence of the 
lighthouse and associated human activities, which encouraged the establishment of 
vegetation, have contributed to the growth and stabilization of North Reef Cay. 
Certainly,“North Reef was one of the major achievements in Australian lighthouse 
construction” (Reid 1988, p. 102).20 Moreover, it  was the most isolated manned lighthouse in 
Queensland - see Appendix 3 and photos in Appendix 5.3 and 5.4.
 
11
20 A heritage management plan for North Reef lighthouse has been prepared by conservation architect, Peter 
Marquis-Kyle, for the Australian Maritime Safety Authority and is expected to be published in 2018.
Figure 3.3 Debris from old buildings on southern  beach                
of North Reef cay - 14 May 2014                                     
(photo by Peter Marquis-Kyle)
3.4 Pipon Island light tower - a most suitable structure for unattended lights
In the northern GBR waters between Cairns and Torres Strait, lightships were established at 
Piper and Claremont Islands in 1876, and at Channel Rock near Pipon Island in 1878.  The 
Low Islets lighthouse also was completed in 1878.21  The Channel Rock lightship was sunk 
with all its crew during cyclone Mahina on 4-5 March 1899, when many pearling vessels 
were also sunk with the loss of about 300 lives.22  The lightship had broken away from its 
moorings on two previous occasions.
The Channel Rock lightship was replaced in March 1901 by an iron lattice tower of a unique 
pentagonal design, with five upright main members surrounding a central vertical member. 
These members were made from solid sections and all joints were pinned to facilitate erection 
on site (Figures 3.4 & 3.5).  The tower was erected on a round concrete base located on 
Southwest Pipon Island.  The light was manned at night.  The lightkeepers’ cottages, at first 
two and later three,23 were located on West Pipon Island, a sand cay  about 1 km away from 
the light tower and separated from it by a reef flat covered with water, varying between 0.3 
and 1.8 m in depth, depending upon the state of the tide.  Access between the two islands was 
by walking at low tide or by boat pulled on a rope at high tide.  The provision of a fixed 
gangway between the two islands was considered, but  it was concluded that no economical 
structure could be provided to “withstand, during high tides, the wind and sea that so often 
visit this locality.”24
The eroded base of the Pipon light tower was repaired in 1910-11, and continual chipping and 
painting of the tower were required to prevent corrosion damage.25  The difficult conditions 
for the light-keepers, as well as the expense of servicing them, meant this light was one of the 
first to be converted to an unmanned automatic light after the Commonwealth assumed 
control.  This conversion took place on 1 November 1915, when the light-keepers were 
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21 QPLA, V&P 1879, Vol. 11, p. 912.
22 QPLA, V&P 1899, Vol. 3, pp. 1025-1026. The story of Cyclone Mahina and the destruction of the pearling fleets 
in Bathurst Bay has been told in a novel written by Townsend (2008), using material from Outridge (1899) and 
other contemporary sources. When measured by the number of lives lost, this event is Australia’s worst natural 
disaster. For a meteorological analysis of Cyclone Mahina and associated storm surge see Whittingham (1958).
23 QPLA, V&P 1900, Vol. 5, p. 986; 1901, Vol. 3, p. 1308; QPP, V&P 1909, Vol. 2, p. 923.
24 QPP, V&P 1902, Vol. 3, p. 961; 1903, Vol. 2, p. 1186; 1905, Vol. 2, p. 1034; 1906. Vol. 2, p. 1410.
25 QPP, V&P 1911-12, Vol. 3, p. 1187.
withdrawn.  Their houses were 
removed in 1920.  Again, as at North 
Reef, the presence of human habitation 
on the cay  may have affected the 
vegetation on the sand cay which, has 
a much greater diversity of plant 
species than would normally be 
expected for a cay of its size (Gourlay 
1985).
The original Pipon Island light tower 
was replaced by a stainless steel one in 
1978.  It was however notable as the 
fo re runner o f the many open 
framework structures erected in the 
GBR region during the twentieth 
century.  “This tower may be taken as 
an excellent example of what may be 
built on a typical coral reef on the 
eastern coast of Australia, and is a 
most suitable type of structure for the 
u n a t t e n d e d l i g h t s w h i c h a re 
recommended in this Report.” (Brewis 
1912). It is most regrettable that it was 
not possible to remove the original 
tower for preservation in a maritime 
museum (Photos Appendix 5.5).
 
13
Figure 3.4 Pipon Island light tower             
(QPLA V&P 1900, Vol. 5 following p. 1007)
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Figure 3.5 Detail contract drawing of Pipon Island light tower 
(Marine Department Queensland October 1899)
4.  DESIGN AND CONSTRUCTION OF UNMANNED AUTOMATIC 
LIGHTS ON REEFS AND CAYS
4.1 New technology and engineering design factors
Logistic problems of servicing and providing emergency assistance to isolated manned 
lighthouses and lightships dictated that automatic unmanned lights be adopted as soon as a 
reliable system became available to replace the kerosene lamps of the nineteenth century 
lights.  Development of various illumination systems, including types of lamp and optical 
apparatus, during this period was reviewed by  Shirra (1904-05).  Subsequently, the 
unattended acetylene gas light was perfected in 1908 and proved to be ideal for the Great 
Barrier Reef region.  With sufficient gas cylinders to operate each light for twelve months, 
unattended lights only required quarterly  inspections without any resident light-keepers. 
Moreover, the invention in 1912 of the AGA sunvalve,26  which turned the light on each 
evening and off the following morning, gave a 30% saving in gas (Ramsbotham 1919-1920). 
Hence Brewis (1912) had no hesitation in recommending the use of unattended acetylene 
lights for use in remote locations such as the northern GBR.
Pipon Island light was converted to unmanned acetylene gas operation in 1915; the two 
remaining lightships were replaced by unmanned lights erected on nearby reefs, and several 
new unmanned lights were constructed in the inner GBR waters north of Cooktown in the 
years immediately following the Commonwealth takeover (see Figure 4.1).  Despite its 
isolation, the light-keepers were not  withdrawn from North Reef until 1977, after its light had 
been converted from kerosene vapour to electric operation.  This was because its location at 
the intersection of two important shipping routes required a highly reliable light.  The one 
eventually installed incorporated duplicate light systems.
The early manned GBR lights were either built on stable cays or, in the case of North Reef, 
constructed with substantial and costly foundations.  Once it  became necessary to erect 
unmanned lights on reefs, new construction methods were required. Engineers rather than 
architects were now designing and supervising the construction of navigation aids.   The 
problems were considerable, as outlined by Lighthouse engineer Joshua Ramsbotham (1919):
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26 The inventor of the AGA sun valve, Gustaf Dalen, received the 1912 Nobel Prize for Physics for his invention 
(Clark 2003).
As some of the lights recently erected are founded on coral reefs, and as no data was 
available for structures under similar conditions, considerable caution was exercised in 
order to meet the special conditions arising.
The points that require most careful consideration are:- 
 (a)  What intensity of stress coral is capable of withstanding.
 (b)  The determination of the depth for the foundation so as to obviate any fear of 
      erosion or undermining.
(c)  Influence of wave action”.
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Figure 4.1 Location of new unattended lights on the Inner GBR route 
Cooktown to Torres Strait
As pointed out by Ramsbotham, design and construction in the reef environment are of 
necessity “inseparably bound together”.  Even the construction of relatively  small structures 
is both costly and time consuming.  In the case of the North Reef lighthouse, 60% of the total 
cost of the structure was for the foundations (Thorburn 1967).  The design adopted allowed 
the frame of the tower and the cast iron foundation caisson to be constructed on the mainland 
at Maryborough, and subsequently  transported and erected on site.  The Pipon Island light 
tower similarly was manufactured on the mainland and subsequently shipped to its location 
on Southwest Pipon Island.
4.2 Construction in the reef environment - foundations and project costs
The type of structure adopted for the new 
unattended lights was a steel lattice tower 13 m 
high, supported on a concrete base structure.  The 
form of the latter varied with site conditions.  On 
exposed reef locations, the tower was supported on 
four circular piers sufficiently high “to keep the 
steel legs of the tower well removed from any wave 
action and spray”.  The four circular piers were 
more economical than one large pier, as well as 
offering less resistance to wave action (Figure 4.2).
The form of the concrete base varied with the 
foundation conditions.  The first three lights, 
Clerke Island, Coquet(te) Island and Wharton 
(Dhu) Reef (see Figure 4.1 for location of these 
and other unattended lights constructed at this 
time), which were built in 1915, had better natural 
foundations that subsequent ones. The Clerke 
Island light was located on the solid rock of a 
continental island and Coquet(te) Island light on a 
wooded sand cay  and both were not reached by 
wave action.  Both of them were founded on four 
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Figure 4.2 General arrangement 
drawing of north Queensland 
unattended lights                 
(Ramsbotham 1917-1918)
2.1 m square concrete blocks with depths of 2.4 and 2.8 m respectively. The Wharton (Dhu) 
Reef Light was located on a coral reef.  Tests for the bearing capacity of the coral reef matrix 
indicated that the foundation load should not exceed 3 tons/ft2 (0.322 MPa).  The foundation 
structure consisted of four 1.8 m diameter piers, 2.4 m high on a 5.8 m square concrete block, 
2.9 m deep. This design produced a foundation load of 2.375tons/ft2 (0.255 MPa) 
(Ramsbotham 1919-1920).27 
Construction of the lights was undertaken during the southeasterly wind season from April to 
October, during which the wind never exceeds “the force of a moderate gale”28 and there is 
very little wet weather from June onwards.
The next four lights, Piper Reef, Chapman Island and Heath and Waterwich (Tih Tih) Reefs, 
were located on reefs which had surface levels about 0.9 m above low water spring tides. The 
spring tides had ranges of 3 m and the sites dried on about five days each fortnight, remaining 
dry for only 3 to 4 hours. Workmen camped on nearby  islands, which in some cases were 
over 6 km from the work site, to which they travelled each day  by  boat (Mehaffey 
1919-1920).
Difficulties were experienced with the first of these structures at  Piper Reef.  It was originally 
intended to use a square foundation base the same size as that at Wharton (Dhu) Reef, 
supported on four groups of concrete piles located under each of the circular concrete piers. 
None of the test piles drove to a “set” and therefore their bearing capacity was suspect. 
Consequently, to allow for uncertainties in the foundation material, the four 1.8 m diameter 
piers were located on a stepped concrete base with a maximum size 9.5 m square and 1.5 m 
deep  (Mehaffey 1919-1920 ).  In this way the foundation load was reduced to 0.725 tons/ft2  
(0.078 MPa) (Ramsbotham 1919-1920).29
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27 Mehaffey (1919-1920) quotes a maximum allowable bearing stress of 3½ tons/ft2 (0.376 MPa) as the result 
from the tests but this is inconsistent with his data which indicates a value of 3.18 tons/ft2 (0.341 MPa).
28 Force 8 on the 12 point Beaufort scale equivalent to 34 to 40 knots or 63 to 74 km/h
29 Similar problems occurred when the original Pipon Island tower was replaced in 1978. The piles could not be 
driven to a “set” and a large rectangular concrete block about 80 m3 in volume and approximately 2.4 m high was 
poured on the ground above the piles. (Letter from Allan W. Fulton to Michael R. Gourlay, 13 July 1986.)
With the adoption of a standard design of tower for the new unattended lights in the second 
decade of the twentieth century, the costs of the steel tower and the optical apparatus did not 
vary significantly  for these lights but, depending on local conditions, the foundation costs did 
vary considerably, as did the cost of ship  time required during construction.  From the costs 
given by Ramsbotham (1919) for the first  five new lights constructed, the average cost of the 
tower plus optical apparatus was 25% of the average total cost of these lights, the foundations 
18% and the shiptime 44%, with sundries including camping costs making up the balance of 
13%.  The cost of the optical apparatus for the lights was essentially the same for each light, 
so this has been used as a base to compare the costs originally quoted by Ramsbotham.
The increased costs associated with structures constructed on coral reefs are clearly shown in 
Table 1 (page 20). Even though it is in the most remote location, the lowest cost light is that 
founded on solid rock on the continental island, Clerke Island.  The light on the sand cay, 
Coquet Island, is slightly more expensive, and the light with good reef foundations in a 
comparatively  sheltered location, Wharton (Dhu) Reef, is somewhat more expensive again. 
On the other hand, the Piper Island light, which had extremely bad foundations and is 
exposed to the southeast trade winds, cost  more than three times as much as the Clerke Island 
light. Everything except the optical apparatus was more expensive.  These comparisons 
highlight the practical and economic problems of building structures in the Great Barrier Reef 
environment.
Based on the Reserve Bank of Australia’s Pre-Decimal Inflation Calculator,30 the present day 
(2014) cost of the optical system is $84 000.  The cheapest structure on Clerke Island cost 
$290 000 and the most expensive one on Piper Reef cost $900 000.
4.3 Subsequent developments and problems
Apart from the geomechanical aspects of obtaining adequate bearing capacity for reef 
structures, there is also the problem of the erosion of foundations constructed on reefs and 




TABLE 1   RELATIVE COSTS OF CONSTRUCTION FOR EARLY NORTH 
QUEENSLAND UNMANNED NAVIGATION LIGHTS
(derived from Ramsbotham 1919)
  
Name of   

















during    
Construc-  
tion












    
Clerke
    Island
    11-188
3244
0.52 0.39       1.01 1.1       0.40 3.43 Continental 
island –
solid rock
Four 2.1 m square 
blocks 2.4 m deep
     
 Piper
     Reef
    12-012
3242
0.66 2.11       1.01 5.64       1.25 10.68 Coral reef – 
piles could not 
be driven to a 
“set”
Four piers on 
stepped block  
maximum size
9.5 m square, 
1.5 m deep
          
Chapman
     Island
12-129
3236
0.64 1.60 0.99 4.45 0.9 8.58     Coral reef Four piers on 
stepped block 
maximum size 
9.5 m square, 
1.5 m deep




    14-022
3226




Four 1.8 m diameter 
piers 
2.4 m high on 
5.8 m square block, 
2.9 m deep
       
Coquet
    Island
   14-097
3219
0.51 0.41       1.03 1.33       0.61   3.88 Wooded cay –
coral sand
Four 2.1 m square 
blocks,
2.8 m deep
    Mean 
for 
five lights
     ---- 0.57 1.13       1.00 2.73       0.83   6.26     ---------    ---------------
Note:  All costs are expressed as a ratio with the mean cost for the optical apparatus (£1002).
Based on the Reserve Bank of Australia’s Pre-Decimal Inflation Calculator,31 the present day 
(2014) cost of the optical system is $84 000.  The cheapest structure on Clerke Island cost 
$290 000 and the most expensive one on Piper Reef cost $900 000.
Abbreviations:  GBRMPA  -  Great Barrier Reef Marine Park Authority
                            ASO          -  Australian Survey Office




to replace the Claremont Island lightship, was itself replaced in 1980 by a stainless steel 
tower on a new concrete base. Subsequently, erosion of reef rock under this new base was of 
such concern that the tower was removed in 1985 and replaced by a light and radar reflector 
in a lower and less massive glass reinforced plastic cabinet located on the original tower base. 
The tower was subsequently relocated to Saumarez Reef. A helipad was built (ca 1992) on the 
1980 base, the latter having been stabilised with concrete bags. A walkway was installed 
between the two structures (Photos Appendix 5.6).32   At Chapman Island the original steel 
lattice tower was replaced by a stainless steel one on a new base in June 1983.33 
Subsequently, a helipad was constructed on the old base (Photos Appendix 5.7).
The movement of coral cays in response to changes in wave climate (Gourlay 1988) can also 
endanger structures such as navigation lights. Problems of this type were avoided at  North 
Reef by founding the tower on the reef surface underlying the cay, but shoreline recession, 
wave overwash, and nesting turtles have endangered the shallow foundations of the Raine 
Island stone beacon (Gourlay  & Hacker 1991).  In the Torres Straight  region adjoining the 
GBR region, navigation lights on Dalrymple Island and Bramble Cay have been moved back 
from beachside locations into the interior of these islands (Photos Appendix 5.8). On 
Frederick Reef in the Coral Sea, the unvegetated cay has moved and exposed the foundations 
of the unusual tubular stainless steel light tower.  Details of this last  case, together with other 
similar ones involving automatic weather stations, are given in Chapter 5.
Other practical problems associated with the reef environment include corrosion of steel 
structures.  An unmanned light on Bougainville Reef in the Coral Sea was erected on a steel 
lattice tower in 1944, replaced because of corrosion by a second tower in 1958, and by a third 
stainless steel structure in 1986.
Both the traditional conical tower of the older manned lighthouses and the open steel lattice 
towers of the more recent unmanned lights are well adapted to resist  wind loads. 
Nevertheless, cyclonic winds, besides causing the waves and storm surges which erode reef 
foundations and cay  shorelines, also cause considerable damage to houses and other buildings 
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32 Email from Allan Crossing, AMSA, to Michael R. Gourlay, 3 Nov 2004
33 Engineers Australia  10 Dec 1982, p. 7.
at manned lighthouses.  The construction of the permanent lighthouse on Lady  Elliot Island 
in 1873 followed the partial destruction during a gale of the flagstaff supporting the 
temporary light originally erected in 1866.  At Low Islets, storms or cyclones caused 
considerable damage to houses and other structures in 1904, 1911, 1920 and 1934.34 
Moreover, the 1911 cyclone, besides damaging the lighthouse, also completely denuded the 
area surrounding it of all vegetation and soil.  Waves apparently “swept right across” the cay 
“and through the low-built houses” on this occasion.  The inhabitants took “refuge in the 
strongly-built lighthouse until all danger” had passed (Young 1929).
While cyclones destroyed the vegetation around the lighthouse at  Low Isles, a completely 
different problem developed on Lady Elliot Island, where the island had been denuded of 
vegetation during guano mining in the 19th century. Recovery of the vegetation after mining 
ceased in 1874 was inhibited by goats introduced to provide food for the guano miners. The 
goats were eventually  shot and re-vegetation was commenced in the 1960s. The growth of the 
trees was so successful that by  1995 they were obscuring the light. A new higher steel lattice 
tower was constructed with a solar powered light and the 122 year old lighthouse 
decommissioned.35
The replacement of manned lights by  automatic ones resulted in considerable economies in 
both construction and operating costs and allowed many more lights to be built in locations 
where it  would have been very  difficult to build manned lights.  The problems of isolation, 
supply of food, education of children, emergency medical attention, etc were all eliminated. 
On the other hand manned stations did have advantages for local rescue operations36 and for 
meteorological and other data collection since visual observations or manual readings could 
be made and instrument failures attended to promptly. When Lady Elliot light was automated 
in 1982, the light-keepers remained to take meteorological observations. They were 
withdrawn in October 1988 after the light had been replaced by a solar powered one.
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34 QPP, V&P 1904, Vol. 2, p. 535; 1911, Vol. 3, p. 1187; Handwritten historical notes DoT
35 Some of the information both here and elsewhere about Lady Elliot Island and Low Isles lighthouses has been 
obtained from https://en.wikipedia.org/wiki/Lady_Elliot_Island_Light and https://en.wikipedia.org/wiki/
Low_Isles_Light   Accessed 6 April 2018
36 See Appendix 3
5.  AUTOMATIC WEATHER STATIONS OF THE GREAT BARRIER 
REEF AND CORAL SEA
5.1 Cyclone warnings require offshore weather stations
It was recognised early that the prediction of the occurrence of tropical cyclones approaching 
the eastern coast of Australia would be facilitated by the provision of weather stations in the 
Coral Sea.  The development of radio technology during the first  world war led to the 
requirement of the Commonwealth Navigation Act of 1920 that all ships over 1600 tons be 
equipped with radio.  Cyclone warnings could now be issued to shipping but for early 
predictions meteorological observations were required offshore.  Hence a manned weather 
station was established on the southernmost cay of the Willis Islands during the 1921/22 
cyclone season (Davis 1922, 1923).  It subsequently  became a permanent station.  Logistics, 
economics and lack of suitable sites discouraged the establishment of further weather stations 
until technological developments permitted the installation of unattended automatic weather 
stations (AWS) in the late 1960s.  The first of these on Cato Island was commissioned in 
September 1966 and a second was installed in the new navigation light tower on Frederick 
Reef in October 1968.  By  September 1972 six more had been completed in rapid succession 
following the destructive cyclones Ada in January 1970 and Althea in December 1971 (See 
Table 2, pages 25 & 26).37   Two of these weather stations, Creal Reef and Gannet Cay, are 
located in the Great Barrier Reef region; the others are located in the western Coral Sea 
(Figure 5.1). 
The automatic weather stations (except Cato Island and Frederick Reef) were installed in 
rectangular cabinets originally constructed of either glass reinforced plastic or stainless steel 
clad marine ply.  The cabinets were mounted on steel framework towers founded on concrete 
bases.  The form of the tower and the base depended upon the site conditions.  Radio aerial 
masts and sometimes anemometers were mounted on separate bases generally  30 to 50 m 
distant from the station.  In 2004, with exception of Cato Island (Photos Appendix 5.9), all 
aerials and instruments were located on the structure itself.
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37 Information about the history of the various AWS, including their dates of establishment, design and 
construction, environmental problems, movements of sand cays, etc, was obtained from BoM and DHC files in 
late 1986 and early 1987. The author’s notes, together with copies of relevant survey plans of cays and plans of 
AWS structures, are in the author’s Coral Cay collection held by UQ’s Fryer Library.
5.2 Environmental problems experienced with the various AWSs                                      
A number of environmental problems have been experienced with these weather stations. 
These include:
(i) Erosion of sand from around foundations, generally caused by wave action, 
sometimes possibly by  wind action; the worst  situations arise when the cay on which 
the station is located, is moving bodily  across the reef platform and when vegetation 
cover on the cay has been destroyed;
(ii) Concrete spalling and cracking caused by corrosion of reinforcement, particularly 
when the concrete is rather porous;
(iii) Corrosion of metal framework, etc, in severe marine environment;
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Figure 5.1 Location of Bureau of Meteorology AWSs 
in GBR and Coral Sea Regions
(iv) Water penetration into instrument cabinet;
(v) Birds – guano deposits and damage to instruments;
(vi) Wind damage to aerials, instruments, etc, as well as potential instability of structure 
during high winds when foundations have been eroded and there is no lateral support 
for the piles from surrounding sand.
The different  types of foundation design adopted are given in Table 2.  Basically  it was 
assumed that the three grassed cays - Cato, Lihou (Turtle Islet) and Gannet - were stable and 
a surface slab or shallow footings were used at those sites.  All the unvegetated cays were 
assumed unstable and piled foundations adopted.  The earlier weather stations were founded 
on four steel piles but for the later ones eight piles were used.  The primary interest in this 
discussion is the effect of cay instability upon location and design of structures.  Hence the 
movements of the cays on which weather stations are located will be briefly reviewed.
TABLE 2 – WEATHER STATIONS ON CAYS OF THE GREAT BARRIER REEF 
AND CORAL SEA
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Concrete base on 4
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AWS S.S. clad ply hut
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     June
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  23° 
15'
  155° 
32'
  23-083
   94394
AWS Hut enclosed by
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with S.S. on 
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    Sept.




Abbreviations:      AWS         -  automatic weather station
                                               GBRMPA  - Great Barrier Reef Marine Park Authority
       ASO          - Australian Survey Office
                                               WMO        - World Meteorological Organisation        
       G.R.P.        - glass-reinforced plastic
       M.S.           - mild steel
       S.S.             - stainless steel
Notes:  1.  Willis Island – cyclone season only in 1921 – permanent station from late 1922.
  2.  Holmes, Creal and Gannet – Glass-reinforced plastic (G.R.P.) huts replaced in Dec. 1984. 
  3.  Holmes and Gannet – steel framework is approximately 5m high.  Other AWS – steel     
                                  frame is approximately 2.7m high.
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5.3 AWSs on relatively stable cays - Flinders and Marion Reefs                                       
At Flinders Reef the weather station was located approximately in the centre of the body of 
the tadpole-shaped cay.  Two surveys during the year prior to construction (1969) showed that 
the body of the cay was comparatively stable but the tail wagged with changes in the wind 
and wave conditions (Figure 5.2).  Analysis of subsequent observations by Bureau of 
Meteorology staff and surveys by Australian Survey Office confirmed this behaviour.  Indeed 
there appeared to be a seasonal tendency for the tail of the cay to move to a northwesterly 
position during the middle to later part of the year under the influence of the southeast trade 
winds and then for it to swing to the west  during the summer months under the influence of 
more northerly  winds.  This pattern of movement was irregular at times and may be disturbed 
by cyclone or other abnormal weather conditions 
The four piles supporting the Flinders Reef weather station are driven into the hard reef rock 
a few metres below the cay  surface and there was no record of erosion causing exposure of 
these piles although the station was sometimes at the crest of the beach.  The aerial mast on 
the other hand was located in the zone of movement of the northern beach and its three piles 
were periodically  exposed and then recovered with sand.  Fortunately these piles were 
securely driven into the beach rock and were well able to withstand the heavy surf which 
broke around them from time to time (Photos Appendix 5.10, 5.11 & 5.12).
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Figure 5.2 Flinders Reef AWS         
movement of coral cay 1969 to 1983
Carola Cay, where the Marion Reef weather station is situated, is less than half the width of 
the Flinders Reef Cay  and moreover, with a width of only 50 m, is potentially quite unstable 
(Gourlay 1985).  However this banana-shaped cay is stabilised by  longitudinal beach rock 
outcrops which are visible on occasions on either side of the cay.  The level of sand on the 
cay  tends to vary as it expands and shortens or narrows and lengthens.  The weather station is 
usually  on the crest of the cay above high water level but at times sand is removed from 
around the piles as the cay is eroded on the eastern side.  As the station’s piles are driven into 
the beach rock and the aerial mast was founded directly  on beach rock, cay instability  has not 
caused serious problems, although there has been concern for the weather station’s stability 
during high winds (Photos Appendix 5.13).
5.4 AWSs on small unstable cays - Creal and Holmes Reefs                                                    
The weather stations on Creal Reef in the GBR off Mackay and on Holmes Reef in the Coral 
Sea east of Cairns present a different type of situation.  Both cays are very unstable and move 
over an area of reef flat considerably  larger than the area of the cays themselves.  The cay 
areas above high water level vary considerably.  In both cases there are no beachrock 
outcrops above general reef platform level.  At Creal Reef the cay sometimes surrounds the 
weather station while other times the station stands alone on the reef flat with its piles fully 
exposed.  At Holmes Reef the only  occasion on which the weather station was recorded as 
being on the sand cay was during its construction prior to establishment in September 1972. 
The cay  moved away shortly afterwards and has continued to move over the reef flat 
generally  east and south of the weather station (Figure 5.3).  The Holmes Reef weather 
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Figure 5.3 Holmes Reef AWS - movement of coral cay 1972 to 1983
station is supported by eight piles instead of four as for the earlier structures.  Even so 
stability  in winds above 10 m.s-1 has been a potential source of concern. In April 1972 4.3 m 
of the steel piles were exposed with only  1.5 m in sand. In November 1972 the piles were 
boxed by 0.9 m concrete cylinders. However, continuing corrosion and rust of the original 
mild steel framework tower at  Holmes Reef resulted in it being out of service in mid 2007. It 
was replaced in May 2008 by a new stainless steel tower supported on the original concrete 
foundation (Photos Appendix 5.14).
5.5 AWS in the Swain Reefs - Gannet Cay
The most serious problems were experienced in the Swain Reefs region of the GBR.  Zodiac 
Cay in the north and Hixson Cay in the south were surveyed in November 1970 and 
proposals prepared in early 1972 for construction of weather stations.  Both cays were 
apparently  severely affected by one or more of the various cyclones which passed close to 
this region in 1971 and 1972.  This is not surprising since they were both quite narrow 
(Zodiac 40 m and Hixson probably only 30 m). In the light of the proven instability of these 
unvegetated cays a new site was sought and the apparently stable grassed Gannet Cay chosen. 
This cay  was then probably 130 m wide (Figure 5.4).  The weather station was built on four 
shallow concrete footings resting on sand.  An engineering report  in November 1975 
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Figure 5.4 Gannet Cay AWS - 
movement of coral cay             
1964 to 1984
summarised the situation as follows:  “The cay is high level and grassed so piled foundations 
were not required”.38
Following cyclones David in January 1976, which passed 20 km north of Gannet Cay, and 
Beth in February 1976, the grassed area of the cay  was found to be covered with sand and 
sand had built up on the southern side of the cay.  A couple of months later in May 1976, after 
cyclones Colin, Dawn and Watorea, increasing erosion of the eastern end of the cay  was 
observed with the footings of the eastern aerial mast, 30 m from the weather station, being 
exposed to a depth of 1 m.39  Very little grass was visible.  Sand continued to be eroded from 
the eastern side of the cay and by November 1978 the erosion scarp was only 1.2 m from one 
of the weather station footings (Figure 5.4) (Photos Appendix 5.15).
A new weather station structure was designed using more rigorous design standards and 
constructed during May-June 1979. Six steel piles were driven on the northern side of the 
original structure. The upper portions of these piles were encased with concrete enclosed in 
44 gallon drums with internal reinforcing. Two parallel horizontal steel bearers were welded 
to the tops of the piles to act as a track for relocation of the AWS. The latter was jacked up 
and then winched across onto the new pile foundation. The horizontal bearers were removed 
and the AWS secured to the piles. The tops of the piles were tied together with reinforced 
concrete beams constructed in situ using timber formwork. After the formwork had been 
removed sand was backfilled around the concrete foundations. A new aerial mast was also 
constructed 30 m southwest of the station40 (Photos Appendix 5.16). 
The construction of the new weather station was by no means too soon since erosion 
continued and by December 1979 the footings of the old structure were exposed and 
subsiding into the sand.  Erosion continued during 1980 with cyclone Simon in February  and 
by the end of the year the new weather station and its aerial mast were both surrounded by 
water.  The cay was recorded as having no grass in May following cyclone Simon.  Only a 
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38 Report of Structural Adequacy of Nine Automatic Weather Stations in the Coral Sea for the Bureau of 
Meteorology by the (Commonwealth) Department of Construction, November 1975.
39 Originally there were three aerial masts, one located on the southeast corner of the AWS cabinet and two 
remote masts - one east and one west of the structure.
40 Both piles and horizontal bearers were RSJs (rolled steel joists). Details of the reconstruction of Gannet Cay 
AWS were obtained from BoM Photograph Albums May 1979.
few sparsely scattered plants remained (Flood 1986, Flood and Heatwole 1986) (Photos 
Appendix 5.17).
Since 1980 Gannet  Cay has apparently assumed a new quasistable shape and location to the 
northwest of its earlier position (Figure 5.4).41  In 1984 it was longer and narrower (about 100 
m wide) than before and vegetation was returning with a sparse cover of grasses and shrubs 
(Flood 1986).  This cay’s instability is not a new phenomenon since there are four distinct 
beach rock outcrops on the reef flat to the southeast of the present cay, indicating both earlier 
locations and probably a different orientation of it  in the past.  A carbon-14 date for a clam 
shell embedded in one of the beach rock outcrops indicates that this outcrop could have been 
formed as much as 1000 years ago (Flood 1986, Flood and Heatwole 1986).
5.6 AWS in Coral Sea light tower - Frederick Reef
The weather station at Frederick Reef is mounted in the tubular steel navigation light tower42 
which, when constructed in 1968, was located on the eastern side of North Cay (Figure 5.5). 
An anemometer was mounted on a mast west of the light tower and the radio aerial mast was 
46 m to the southsouthwest.  The light tower was erected on a circular base 8.5 m in diameter 
supported by six piles driven through the coral shingle into the reef platform below it.  Pile 
depths range from 4.7 to 12.8 m.  In November 1975 it was reported that “There is no 
problem with scour around the foundations”.43   This remained the situation until January 
1984, although some erosion may have occurred from time to time at the aerial mast as the 
southern end of the cay oscillated in position (Photos Appendix 5.18 & 5.19). 
On 16 January 1984 the track of cyclone Grace was only 30 km away as it passed by 
Frederick Reef.  Winds up to 30 m.s-1 (111 km.h-1) were recorded at the weather station 
(Thom 1984).  Subsequent inspection revealed severe erosion with the 60 to 70 m wide cay 
having been relocated eastward so that the light tower was now on the western side of the cay 
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41 See Gourlay (1988) for a discussion of how a change of dominant wave direction is likely to have caused the 
change in this cay’s shape.
42 A similar structure had been built on New Year Island in the Northern Territory in the early 1960s (Hicks 1965). 
It was located on a much larger island formed of coral sand and in an apparently less exposed location. Hicks 
describes its structural design, model testing in a wind tunnel, its construction, etc. It was constructed in mild 
steel which rusted around its base and it was replaced in 2002. The Frederick Reef tower is similar to the one on 
Imperieuse Reef, Rowley Shoals, WA. Both these towers are constructed in stainless steel (Ibbotson 2006, p. 56, 
71).
43 Report of Structural Adequacy of Nine Automatic Weather Stations in the Coral Sea for the Bureau of 
Meteorology by the (Commonwealth) Department of Construction, November 1975.
(Figure 5.5).  In January 1986 the underside of the concrete base was almost completely clear 
of the sand and was supported entirely  by the six steel piles.  A man was able to stand in the 
cavity underneath the tower base.  The piles were subsequently encased in a concrete skirt  but 
it was not  possible to excavate sufficiently to obtain a key into the hard reef rock or to drive 
extra piles. (Photos Appendix 5.20, 5.21 & 5.22). It was fortunate that the original 
constructors of the tower were able to drive piles and did not exercise the following option 
given on the working drawings:  “Pile length to be determined on site. Piles to be deleted if 
density of coral foundation prevents driving.” 44                                                                           
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44 Commonwealth Department of Works. Frederick Reef  Auto. Lighthouse & Weather Station: Site Plan & 
Foundation details, SGB/27/?/1, July 1968.
Figure 5.5 Frederick Reef navigation 
light and AWS - movement of North Cay  
1968 to 1986
5.7 Expansion of AWS network
A ninth AWS was approved for erection on Bougainville Reef during the 1987-1988 financial 
year. However, it was not opened until November 1992. No new structure was built, since the 
AWS was located on the navigation light’s stainless steel lattice tower. Subsequently, 
corrosion problems resulted in the reconstruction of the Holmes Reef AWS structure 
(discussed perviously  in section 5.4) and the relocation of the Lihou Reef AWS to the 
navigation aid structure on that reef in August 2013. A new AWS, installed on the Arlington 
Reef navigation aid structure, was opened in April 2010. Also during this period, AWSs 
replaced manned weather stations on several coral cays, i.e. Coconut Island in Torres Strait, 
Heron Island in the southern GBR, as well as Low Isles and Lady Elliot Island lighthouses.
The original AWSs in the GBR and Coral Sea regions were established by  the Bureau of 
Meteorology for weather forecasting and cyclone tracking. In the late 1990s AWSs were 
established by AIMS in collaboration with GBRMPA and NOAA for scientific research and 
environmental management purposes, particularly related to understanding the conditions 
causing coral bleaching. Four new AWS mounted on lattice towers at Agincourt Reef, 
Myrmidon Reef, Davies Reef and Hardy Reef commenced operation in 1999-2000. Two 
more, located inshore in Cleveland Bay near Townsville and Keppel Bay  near Rockhampton, 
were established soon afterwards (Berkelmans 2000). In August 2017 AIMS was operating 
16 AWSs in the GBR region from Torres Strait in the north to Heron Island in the southern 
reef. These were located either on existing infrastructure such as tourist pontoons and channel 
markers or on structures developed by AIMS.45
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45 Bainbridge, S., AIMS.  Personal communication to author August 2017.
6.  REVIEW OF PROBLEMS ASSOCIATED WITH STRUCTURES ON 
REEFS AND CAYS
A number of common problems relating to structures on reefs and cays can be identified from 
the various examples described in the preceding sections.  These problems relate to erosion 
from wave-induced movement of cays, the selection of a foundation design appropriate for 
the underlying reef platform conditions, the use of noncorrosive and other materials suitable 
for the extreme marine environment, the effect of adverse weather in prolonging construction 
time, and the need to design structures for stability under wind loads when sand surrounding 
foundations is completely removed.
All unvegetated and all small grassed cays less than 120 m wide should be assumed to be 
potentially unstable.  On the outer reef, including Swain Reefs, and in the Coral Sea the 
minimum width for stability should be taken as 200 m (Gourlay 1985).  Unless there are very 
definite indications that such cays are stable, such as substantial beach rock outcrops 
protecting the cay’s shoreline, permanent structures founded on these cays should be 
designed to be stable under wave and wind action when the cay  is completely removed from 
under the structure.  Similar design considerations should apply to structures near the 
unstable edges of larger vegetated cays.  In particular it should be noted that apparent stability 
of an unvegetated or grassed cay, or the foreshore of a larger cay over a period of time, say 10 
to 20 years, is no guarantee of continuing stability.  In most cases the stability  of these cays is 
an illusion waiting to be shattered by  the next major cyclone which passes close to the cay at 
or close to high tide.  Even a rather distant cyclone can produce cay instability if medium to 
heavy  swells reach the cay at high tide.  In the absence of cyclones long term changes in 
dominant wind directions will also produce instability of coral cays.
The geotechnical properties of the reef platform, surrounding and underlying coral cays or 
other reef sites on which structures are to be erected, need to be carefully investigated.  Large 
cavities may  exist and the hard reef rock, sand, mud or cavities may be very irregularly 
distributed within the reef structure.  Careful site investigations are essential and special 
investigation methods will be required (Bock and Brown 1980, Bock 1981, 1984).  On one 
site piles may be perfectly adequate, while on another site nearby  piles may disappear into the 
reef substrate and will not be able to support the required load.  This was the case for the 
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original Piper Island light (Ramsbotham 1919).  More recently (1980, 1986), similar 
problems were experienced with both the new Pipon Island46 and Bougainville Reef lights. 
On the other hand firm hard reef rock capable of supporting a well distributed load may exist 
on the surface of the reef but piles penetrating this surface layer may find no support.
Generally speaking, the bearing capacity of calcareous sands is less than quartz sands: 
calcareous sediments provide much less skin friction support  for piles than quartz sands: 
foundations on calcareous sediments will experience greater settlement than those on quartz 
sands (Poulos 1985, Poulos and Chua 1986, Poulos and Lee 1987, Semple 1987).
Materials need to be carefully selected for use in the harsh, hot and humid marine 
environment of the GBR.  Careful attention to water penetration, use of noncorroding metals 
and dense concrete with adequate cover of reinforcement are all essential if maintenance 
costs are to be minimised.  While little reliance should be placed upon vegetation preventing 
erosion and movement of a cay, great respect  should be given to the ability of birds to 
interfere with the operation of any equipment or instrumentation.
High construction standards are difficult to maintain in the isolated exposed intertidal 
environment of the reefs and cays and costly delays are inevitable on account of weather 
changes.  The use of well designed prefabricated structures or structural components of a size 
compatible with available lifting gear is essential, if both quality of construction and costs are 
to be maintained within acceptable limits.  Thorough site investigations are required for all 
projects and the investigation, design, construction and maintenance costs must be expected 
in most cases to be significantly  greater than those for an equivalent structure on the 
mainland shoreline. During the last 30 years a modest expansion of the BoM’s AWS network 
in the GBR and Coral Sea has been achieved economically by colocating AWSs on 
navigation aid structures.
Above all, the designers of structures on reefs and cays need adequate knowledge and 
experience of the reef environment.  Personal site inspection and discussions with other 
engineers and scientists well experienced in the problems of the reef are essential.
 
35
46 Letter from Allan W. Fulton to Michael R. Gourlay, 13 July 1986.
7. MODERN DEVELOPMENTS IN NAVIGATION AIDS AND AWS 
STRUCTURES ON REEFS AND CAYS
7.1 Hydrographers’ Passage - a new channel to the Coral Sea                                           
In 1981 James Bond, commander of the naval survey  ship  HMAS Flinders, discovered and 
charted a new navigation channel, Hydrographers’ Passage, through the GBR offshore of 
Mackay  (Figure 7.1). The route through this passage is 400 km shorter than previous routes 
from the coal exporting port at Hay Point to the Coral Sea and has since saved much time and 
cost for the coal export industry, as well as reducing the risks to the environment.47  For 
shipping to be able to use 
this passage it had to be 
marked clearly and this 
required the construction 
of five large structures on 
exposed submerged reefs 
located 100 NM  (185 km) 
off the mainland coast. 
There are two lead lights 
on White Tip  Reef and 
two other lights on Little 
Bugatti and Creal Reefs, 
together with a daymark 
on Bond Reef (Smyth 
1984, Vander loos & 
H o r n s b y 1 9 8 6 , 
Vanderloos 1988). Later 
in 1990 a sixth structure 
was constructed on the 




47 The Telegraph (UK), 2016 May 22, Commander James Bond Obituary.
Figure 7.1 Hydrographer’s Passage                      
Location of Navigation Aids                            
(Figures 7.1 to 7.4 are adapted from figures in Vanderloos 1988)
Learning from previous experience in constructing navigation aids in remote exposed regions 
of the GBR, the designers had three criteria: limited on-site work, high quality, and minimum 
cost. The structural form adopted was stainless steel lattice towers which are light, easy  to 
erect and maintenance free. There is a precast concrete base resting on piles driven into the 
reef and a reinforced concrete equipment room on top of the precast base supports the lattice 
tower (Figures 7.2, 7.3 & 7.4). 
Field investigations for the design of these structures included tidal level and current 
measurements; heavy dynamic cone penetrometer tests for foundation design which revealed 
that the reef structure lacked homogeneity; wind records from Creal Reef AWS which 
showed that the best  weather for offshore work in this region occurs between August and 
November; wave records at Mackay and Hay Point showed that waves were smaller between 
August and December. The breaking and propagation of waves over a reef were studied in 
laboratory model tests which indicated that the light  structures should be placed well back 
from the reef edge and designed for depth-limited breaking waves. Model tests were also 
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Figure 7.3 White Tip Reef            
Front lead light
Figure 7.2 White Tip Reef         
Rear main light
Figure 7.4 Bond Reef                 
Daymark
made to test the stability  of the float-out system in which the concrete bases were suspended 
between two barges for towing out to the offshore site. Both deepwater conditions during 
towing out to the reefs and shallow water conditions when manoeuvring into position on the 
reefs were tested.
Construction occurred during 1984 with the onsite work being undertaken during the calmer 
months from August to December.  The concrete bases including the equipment rooms were 
cast onshore at Mackay harbour and floated out, together with their towers, piles, etc.48 They 
were positioned on prepared concrete pads on the various reefs. Steel piles were driven 
through preformed holes in the concrete bases into the reef surfaces and the towers erected on 
top of them. Any spaces between the concrete bases and the reef surface were grouted before 
workers left the site. Hydrographers’ Passage was opened for shipping in early 1985 (Photos 
Appendix 5.23).
During the 1980s the first solar powered light was installed in 1981 and the acetylene lights 
were progressively  replaced, the last one in 1987. Problems with birds can be reduced by 
mounting the solar panels vertically, usually  with a NE or NW aspect. Birds are much less of 
a problem with the higher (30 m) towers of the Hydrographers Passage lights than with lower 
structures such as those supporting AWSs.
7.2 Pile structures along navigation channels - Great North East Channel
In the late 1980s the Queensland Department of Harbours and Marine replaced the channel 
marker buoys along the main navigation channel in Moreton Bay with single pile beacons. 
Maintenance of the buoys was costly. Moreover, new developments in navigation aids 
required electrical equipment for transmitting tidal and positioning data which could not  be 
accommodated on the buoys. The single pile beacons were constructed using 1200 mm 
diameter steel tubes 33 to 43 m long driven 10 m into the sandy bottom in water 22 to 25 m 
deep  at low water (tidal range 2.3 m) (Jones and Stokoe 1989). At about the same time the 
Australian Construction Service installed a single large diameter pile beacon on a flat 
fringing coral reef at  N W Vernon Island near Darwin, NT. The tide range at the site was 6 m 
and the reef dried at low tide. A proper geotechnical investigation to determine foundation 
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48 The author observed one of these pontoons being towed out to the reef on 26 September 1984 while on a 
flight from Mackay to Bushy Island cay.
conditions would have cost 50% of the estimated cost for fabrication and installation of the 
structure so only a limited field foundation investigation was made during a site visit. This 
investigation indicated that there was 10 m of coral overlying hard rock (Littler 1988).
Subsequently  in the early 2000s AMSA installed three single pile structures, two beacons and 
one radar reflector, in the eastern Torres Strait to improve safety  of navigation in an alternate 
route through the Great North East Channel (see Figure 7.5). At the same time a structure 
supporting a tide gauge, current meter and beacon, together with transmitting equipment and 
associated power systems, was installed in the Prince of Wales Channel where there are 
strong tidal currents. At this latter site there is a flat substrate of cemented calcareous material 
which might have been unsuitable for driving piles so a gravity base monopole solution was 
adopted (Jones et al 2003).
In the southern GBR a new navigation aid was constructed in 1999 near Hixson Cay (Figure 
7.6) to mark the southern extremity of the Swain Reefs at location 22º 19.95’ S; 152º 43.84’ 
E. Since it is located at a remote site, a four pile structure was provided to support both the 
navigation aid and a helipad for access by maintenance staff  (Photo Appendix 5.24).  
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Figure 7.5 Great North East Channel
7.3 Lads Passage - a shorter alternative route inside the the Great Barrier Reef            
In 2004 navigation conditions through the inner passage of the GBR north of Cape Melville 
were improved with the opening of an alternative route through Lads Passage, which is 90 
NM  (167 km) long compared with 110 NM (204 km) of the inner channel (Figure 7.7). Nine 
new fixed navigation aids and five buoys were required to mark this shorter route. Six of 
these structures are single column piles with low level lights about 7 m above HW level, 
whereas the other three, which support high level lights about 21 m above HW level, are 
framed structures mounted on four piles. These structures are located in water depths up to 12 
m. There was no reliable geotechnical information for this project and variable foundation 
materials were anticipated with the possibilities of piles either penetrating under their own 
weight through loose sand and cavities or meeting impenetrable hard limestone layers (Bock 
1981). The single column structures were constructed in two parts. Firstly a hollow cylinder 
pile was driven into the substrate. Secondly the top structure was dropped into the top of the 
pile and the hollow cylinder, including the space between its internal surface and the lower 
end of the top structure, was filled with concrete grout. The work was undertaken during the 
period of offshore northwesterly  winds between November 2003 and April 2004. The 
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Figure 7.6 Aerial view of Hixson Cay showing location of navigation aid
(CAB 2027 Great Barrier Reef, Run 34, 23 July 1964, part of No 1432)
contractor had to cease work and move to shelter on two occasions because of cyclones. 
Work ceased after April when winds became southeasterly. Seven structures had been 
completed; the remaining two structures were built  during the following summer (Vanderloos 
and Cheah 2004) (Photos Appendix 5.24).
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Figure 7.7 Lads Passage
8. CONCLUSION
Navigation through the GBR region has always been dangerous. So it is not surprising that 
the stone beacon on Raine Island, marking the northernmost passage from the Coral Sea 
through the outer barrier reefs to Torres Strait was one of the earliest navigation aids 
established around the Australian continent. Now restored, it is the oldest European structure 
in tropical Australia. Subsequently, the challenges of building various navigation aids and 
weather stations on exposed reefs and remote cays have produced many innovative 
structures. In particular, the construction of the North Reef lighthouse on a small exposed reef 
and cay in the Capricorn region at the southern end of the GBR was a major achievement. 
Moreover, the lighting of the inner northern GBR navigation channel was only  possible with 
the invention of the automatic acetylene lamp  and the building of the large lattice towers 
which supported these lights on exposed coral reefs and cays. This was a unique application 
of the latest engineering techniques, implemented with limited funds and inadequate 
resources during the first world war. According to Komesaroff (1976), “In many ways the 
seven years between 1913 and 1920 might be termed the Golden Age of Australian 
lighthouses.” During the 1980s all acetylene lights were replaced by  solar lights. 
Furthermore, modern navigation aid structures require less maintenance than the older ones. 
Hence maintenance intervals have been extended to twelve or even twenty  four months 
cycles to fit in with marine breeding cycles, e.g. the nesting seasons for sea birds and turtles.
The lessons learnt from construction and maintenance of navigation aids and weather stations 
in the GBR and adjoining coral reef regions during the past 170 years, together with new 
technological developments, have now virtually eliminated the need to locate structures on 
drying reefs and cays. Radar beacons and GPS technology enable safe navigation without the 
need for lights. The use of large diameter single column piles or pile groups located in deeper 
water along the sides of navigable channels eliminates problems arising from erosion of reef 
surfaces and movements of cays, as well as native title or other land title issues. Access to 
individual structures is now by helicopter and new structures are designed with a helipad, 





The research for this project was initially undertaken during the period 1984 to 1990 and 
subsequently  updated in 2004 and 2017-18. Copies of reports, correspondence, plans and 
photographs relevant to this research were received from various individuals in the several 
government departments and public authorities listed below in accordance with practices 
current at that time. In some cases direct  access to official files was given so that relevant 
items could be identified first. In several cases photographic prints or film negatives were 
loaned so that copies could be made by the UQ photographic section. Permission to access 
BoM and DHC files for details of AWSs in the Coral Sea and GBR was received from the 
Regional Director of Meteorology in July 1986 following a formal request by letter on 17 
June.
Commonwealth Government Departments and Authorities
Department of Local Government and Administrative Services (DLGAS) (1987)
Commonwealth Light House Service (CLS)
Department of Transport (DoT) - Marine Safety Division (MSD) (1986-1987)
Department of Transport and Communications (DTC) - Navigation Aids Section (NAS) (Jan 1989)
Australian Maritime Safety Authority (AMSA) (Oct-Nov 2004)
Australian National Parks and Wildlife Service (ANPWS)
Australian Survey Office (ASO)
Department of Works and Housing (DWH)
Department of Housing and Construction (DHC)
Department of Construction (DoC)
Australian Construction Service (ACS)
Bureau of Meteorology (BoM)
Great Barrier Reef Marine Park Authority (GBRMPA)
The following persons assisted in providing information, copies of documents, photographs, 
etc, comments and/or reviews of earlier drafts of various sections of the text of this report. 
Their contributions, as well as those by  any  others not named, have been essential to this 
research and are acknowledged with sincere thanks. Individuals who supplied photographs 
are acknowledged in Appendix 5.
 
43
Allan Crossing - (AMSA, Canberra)
Allan Fulton - (retired DoT, Brisbane)
Andrew Grant - (ANPWS, Canberra)
Robert Hornsby - (DHC/DoC, Brisbane)
Howard Kenward - (ASO, Brisbane)
Graham Linnett - Regional maintenance officer, Qld (BoM, Brisbane)
Michael Lorimer - Heritage Liaison Officer (DoT, MSD, Canberra)
Peter Marquis-Kyle - Conservation Architect, Brisbane
John Mizen - (DoT, DTC, Brisbane)
Roger Priest - (ASO, Brisbane)
John Sugarman - (DoT, DTC, Brisbane)
The research reported in this report began when the author was a full time member of the 
academic staff of The University of Queensland, Department of Civil Engineering, in the 
early 1980s. It continued intermittently after his retirement in 1997 for a subsequent 20 year 
period during which he held an honorary research position in the School of Civil 
Engineering. He acknowledges the provision of resources and facilities for much of this time 
by successive Heads of the Department/School of Civil Engineering. However, the actual 
report on this research was largely compiled using his own resources and facilities.
The author thanks Emeritus Professor Colin Apelt (School of Civil Engineering, The 
University of Queensland, Brisbane) and Professor Colin Woodroffe (School of Earth and 
Environmental Sciences, University of Wollongong, NSW) for their favourable reviews of 
this report, their acceptance of the text as written, together with suggestions for improving its 
presentation. He also acknowledges the help and encouragement he has received from his 
former colleagues at The University of Queensland in preparing this report for publication - 




Berkelmans, R., 2000. Automatic weather stations: The new ‘smoke’ detectors on the reef. 
GBRMPA Reef Research, Vol.10, No. 1, pp. 9-10.
Bock, H., 1981. Founding structures on coral reefs. Preprints Conf. on Environmental Engng, 
Townsville, 8-10 July 1981. Inst. Engrs Aust., Nat. Conf. Publ. No. 81/6, pp. 51-56.
Bock, H., 1984. Experimentation with the German Dynamic Probing Technique on the Great 
Barrier Reef. Preprints 4th Australia - New Zealand Conf. Geomechanics, Perth, 14-18 May 
1984. Inst. Engrs Aust., Nat. Conf. Publ., No. 84/2, Vol. 2, pp. 492-497.
Bock, H., and Brown, E. T., 1980. Foundation properties of coral reefs: Site investigation 
techniques and preliminary results. In Pells, P. J. N. (ed), Structural Foundations on Rock. 
Balkema, Rotterdam, Vol. 1, pp. 43-54.
Brewis, C. R. W., 1912. Report on the Lighting of the North-East Coast of Australia (Torres 
Strait to Cape Moreton). Commonwealth Department of Trade and Customs, Melbourne.
Clark, R. N., 2003. Nils Gustaf Dalen (1869-1937): Inventor, Experimenter, Engineer, and 
Nobel Laureate. IEEE Control Systems Magazine, Vol. 23, pp. 68-70.
Davis, J. K., 1922. Willis Island Meteorological Station. Report to the Parliament of the 
Commonwealth of Australia, 14 p. & 2 fig.
Davis, J. K., 1923. Willis Island: A Storm Warning Station in the Coral Sea. Critchley Parker, 
Melbourne, 119 p.
Flood, P. G., 1984. Changes in the Shoreline Position on Six Coral Cays, Capricornia 
Section, Great Barrier Reef Marine Park. Univ. New England, Dept Geol. and Geophys, 
Armidale, NSW, 67 p.
Flood, P. G., 1986. Mobility of Gannet Cay. GBRMPA, Reeflections, No. 18, pp. 10-11.
Flood, P. G., 1986. Sensitivity of coral cays to climatic variations, southern Great Barrier 
Reef, Australia. Coral Reefs, Vol. 5, pp. 13-18.
 
45
Flood, P. G. and Heatwole, H., 1986. Coral cay instability and species-turnover of plants at 
Swain Reefs, southern Great Barrier Reef, Australia. Jour. Coastal Research, Vol. 2, pp. 
479-496.
Gleghorn, R. J., 1939. Aids to marine navigation on the East Coast of Australia. Jour. Engrs, 
Aust., Vol. 11, pp. 425-436.
Gourlay, M. R., 1985. Coastal Processes forming and maintaining the coral cays of the Great 
Barrier Reef, including implications for marine park management - preliminary  report to 
Great Barrier Reef Marine Park Authority. Univ. Qld, Dept Civ. Engng Report CH29/85. 
http://espace.library.uq.edu.au/view/UQ:381708 
Gourlay, M. R., 1988. Coral cays: products of wave action and geological processes in a 
biogenic environment. Proc. 6th International Coral Reef Symp., Townsville, Australia, 1988, 
Vol. 2, pp. 491-496.
Gourlay, M. R., 1996. History of coastal engineering in Australia. In Kraus, N. C. (ed). 
History and Heritage of Coastal Engineering, Am. Soc. Civ. Engrs, New York, pp. 1-88. 
ISBN 0 7844 0196 9.
Gourlay, M. R., 2000. History of coastal engineering in Australia. Keynote address given on 
17 July 2000 to 27th International Conference on Coastal Engineering held at Darling 
H a r b o u r C o n v e n t i o n C e n t r e , S y d n e y, N S W, 1 7 t o 2 1 J u l y 2 0 0 0 . 
https://www.engineersaustralia.org.au/sites/default/.../historycoastalengaustralia.pdf
Gourlay, M. R., 2011. Infrastructure and reef islands. In Hopley, D. (ed). Encyclopedia of 
Modern Coral Reefs - Structure, Form and Process, Springer, Dordrecht, pp. 601-607.
Gourlay, M. R., 2011. Wave set-up. In Hopley, D. (ed). Encyclopedia of Modern Coral Reefs 
- Structure, Form and Process, Springer, Dordrecht, pp. 1144-1149.
Gourlay, M. R., 2011. Wave shoaling and refraction. In Hopley, D. (ed). Encyclopedia of 
Modern Coral Reefs - Structure, Form and Process, Springer, Dordrecht, pp. 1149-1154.
Gourlay, M. R., 2011. Waves and wave-driven currents. In Hopley, D. (ed). Encyclopedia of 
Modern Coral Reefs - Structure, Form and Process, Springer, Dordrecht, pp. 1154-1171.
 
46
Gourlay, M. R. and Hacker, J. L. F., 1991. Raine Island: Coastal processes and 
sedimentology. Univ. Qld, Dept Civ. Engng, Res. Rep. CH40/91, 68 p., photos, figs, appends.
Hicks, A. B., 1965. New Year Island Lighthouse: A 100 ft High Tubular Steel Tower. Jour. 
Inst. Engrs Aust., Vol. 37, pp. 63-70.
Ibbotson, J., 2001. Lighthouses of Australia: Images from the end of an era. Australian 
Lighthouse Traders, Surrey Hills, Vic., 281 p.
Ibbotson, J., 2006. Lighthouses of Australia: The Offshore Lights. Australian Lighthouse 
Traders, Surrey Hills, Vic., 282 p.
Jones, C. M. and Stokoe, P. C., 1989. Single pile beacons: Learning from experience. 
Engineers Australia, Qld Division Technical Papers, Vol. 30, No. 7, pp. 1-9.
Jones, C., Vella, O. and Crossing, A., 2003. Eastern Torres Strait navigation aids. Proc. 16th 
Australasian Coastal & Ocean Engng Conf. and 9th Australasian Port & Harbour Engng 
Conf., Auckland, NZ, 9-12 Sep. 2003. Inst. Engrs Aust. CDROM, Paper no. 164, 9 p.
Jukes, J. B., 1847. Narrative of the Surveying Voyage of H. M. S. Fly. T. & W. Boone, 
London, Vol. 1, 424 p.
King, P. P., 1827. Narrative of a Survey of the Intertropical and Western Coasts of Australia: 
Performed between the Years 1818 and 1822. Vol. 2,  J. Murray, London, 1088 p.
Komesaroff, M. B., 1976. The Commonwealth Lighthouse Service: its formation and early 
development. The Victorian Historical Journal, Vol. 48, pp. 78-104.
Komesaroff, M. B., 1980. The industrial archeology of lighthouses. Journal of Navigation, 
Vol. 33, pp. 131-137.
Komesaroff, M. B., 1982. Lighthouse Illumination: a case history in the early application of 
electricity. Conference on the Protection of the Engineering Heritage, 9-12 May 1982, 
Brisbane, Qld, pp. 56-60.
Lavery, H., 1986. Raine Island. In Dutton, G. (ed). The Book of Australian Islands. 
Macmillan, South Melbourne, Chap. 2, pp.12-20.
 
47
Littler, J. C., 1988. Navigation aids in South Australia and the Northern Territory. Second 
Australasian Port, Harbour and Offshore Engineering Conference, Brisbane, 25-27 Oct 
1988;  Preprint of Papers. Barton, ACT, Institution of Engineers, Australia, pp. 94-98.
Marquis-Kyle, P., 2009. Queensland’s timber and iron lighthouses: 19th century colonial 
innovation. 3rd Australasian Engineering Heritage Conference, Dunedin, 22-25 Nov 2009; 
Instn Prof. Engrs New Zealand, 2009.  http://www.marquis-kyle.com.au/mt/000844.php
Marquis-Kyle, P., 2010. Queensland’s timber and iron lighthouses: 19th century colonial 
innovation. Engineering Heritage Australia, No. 23, pp. 6-7.
Mehaffey, M. W., 1919-1920. New lighthouses in Queensland. Min. Proc. Inst. Civ. Engrs, 
Vol. 210, pp. 383-393.
Outridge, P. P., 1899. The Pearling Disaster 1899: A Memorial. Outridge, Brisbane.
Poulos, H. G., 1985. Engineering properties of Bass Strait sediments. Recent Sediments in 
Eastern Australia - Marine through Terrestrial. Geol. Soc. Aust, Abstracts No. 13, pp. 8-11.
Poulos, H. G. and Chua, E. W., 1986. Bearing capacity of foundations on calcareous sand. 
Univ. Sydney, School Civil & Mining Engng, Res. Rep. No. R515.
Poulos, H. G., and Lee, C. Y., 1987. Pile skin friction related to particle characteristics of 
offshore carbonate sands. Univ. Sydney, School Civil & Mining Engng, Res. Rep. No. R549.
Ramsbotham, J. F., 1919. The lighting of the Great Barrier Reef North of Cooktown, 
Queensland. Trans. Liverpool Engineering Society, Vol. 40, pp. 1-21.
Ramsbotham, J. F. , 1919-1920. Coastal aids to navigation in Australia: their administration 
and recent developments. Min. Proc. Inst. Civ. Engrs, Vol. 210, pp. 349-368, Plate 6.
Reid, G., 1988. From Dusk to Dawn: A history of Australian lighthouses. Macmillan 
Australia, South Melbourne, 264 p.
Semple, R. M., 1987. Foundation design for calcareous soils. Inst. Engrs Aust., Civil College 
Technical Report, 5 p.
 
48
Shirra, J., 1904-1905. Modern lighthouse illumination. Min. Proc. Eng. Assoc. NSW, Vol. 20, 
pp. 56-81.
Smyth, M., 1984. Lighthouses to mark new sea passage. Engineers Australia, 23 July, pp.
23-24.
Spratt, P., 1996. Raine Island Beacon - Conservation works on National Heritage Structure. 
Preprints 1st International and 8th Australian Engineering Heritage Conference 29 Sep. - 2 
Oct. 1996, Newcastle, Australia. Inst. Engrs Aust., Nat. Conf. Publ. 96/11, pp. 97-101.
Thom, D. E., 1984. The Australian tropical cyclone season 1983-84. Aust. Met. Mag., Vol. 32, 
pp. 137-153.
Thorburn, J. H., 1967. Major lighthouses of Queensland - Part 1. Queensland Heritage, Vol. 
1, No. 6, pp. 18-29.
Townsend, I., 2008. The Devil’s Eye. Fourth Estate (Harper Collins), Sydney, 373 p.
Vanderloos, C., 1988. Hydrographers Passage Navigational Aid Structures. Second 
Australasian Port, Harbour and Offshore Engineering Conference, Brisbane, 25-27 October 
1988. Unpublished paper.
Vanderloos, C. and Hornsby, R., 1986. Navigation towers, Hydrographers’ Passage. Dept 
Housing & Construction, DHC Tech. Bull., Dec. 1986, pp. 5-7.
Vanderloos, C. and Cheah, B., 2004. Lads Passage & Fairway Channel, Great Barrier Reef: 
Design and construction of nine offshore navigation aid structures. Presentation to EA Qld 
Division Geomechanics Panel, 19 Aug 2004 (Notes by M. R. Gourlay)
Whittingham, H. E., 1958. The Bathurst Bay hurricane and associated storm surge. Aust. Met. 
Mag., No. 23, pp. 14-36.
Young, J. E., 1929. Notes on the natural history of Low Island, the home of the Barrier Reef 
scientific expedition. Qld Naturalist. Vol. 7, pp. 6-12.
 
49
APPENDIX 1: Navigation Aids and Automatic Weather Stations on the reefs 
and cays of the Great Barrier Reef, Torres Strait and Coral Sea - a historical 
summary
Precolonial (before 1844) and Colonial (1844 to 1913) Periods
1770 James Cook’s Endeavour strikes reef near Cooktown
1791 Pandora wrecked on outer Great Barrier Reef near Raine Island
1844 Raine Island beacon constructed
1862 George Poynter Heath appointed Portmaster for Queensland
1867 Temporary light established at Lady Elliot Island
1873 Permanent lighthouse constructed on Lady Elliot Island
Colonial Lighthouse Conference in Sydney
     - harbour and coastal lights
     - reference to need for light on Bramble Cay
1876-1878 Lightships established at three locations along inner GBR passage between 
Cooktown and Torres Strait, together with various unlit beacons
1878 North Reef and Low Isles lighthouses established
1899 Channel Rock lightship sunk during cyclone Mahina
1901 Pipon Island light tower established to replace Channel Rock lightship
Commonwealth of Australia Constitution transfers control of coastal lights to 
Commonwealth Government
1911 Commonwealth Lighthouse Act passed
1911-1913 Commander C. R. W. Brewis inspects and reports on existing and additional 
lights required - Northern GBR most in need of additional lights
Commonwealth Lighthouse Service (& Bureau of Meteorology) 1914 to 1983
1915 Coastal navigation aids transferred to Commonwealth Government
Pipon Island light converted to unmanned automatic light
1915-1918 Seven new unmanned automatic lights established along inner passage of 
northern GBR
1922-1923 Manned weather station established on Willis Island in Coral Sea
1942 All except two lights recommended by Brewis for the inner northern GBR 
passage had been completed
1952 First stainless steel light tower constructed on Eel Reef
1962 First glass reinforced plastic cabinet used for Sue (Warruber) Island light
1
Commonwealth Lighthouse Service (& Bureau of Meteorology) 1914 to 1983 (continued)
1966 First automatic weather station in GBR/Coral Sea region established on Cato 
Island
1968 Tubular stainless steel light tower constructed on Frederick Reef
Automatic weather station located in tower
1970-1971 Cyclones Ada and Althea
1970-1972 Four more automatic weather stations constructed in the western Coral Sea
1972 Gannet Cay and Creal Reef Automatic Weather Stations constructed in the 
Great Barrier Reef Marine Park
1977 North Reef kerosene vapour light replaced by diesel powered electric light 
and lighthouse demanned
1981 First solar powered light established at Hammond Island in Torres Strait
Modern Period 1984 onwards
1985 Hydrographers’ Passage opened with new navigation aids
1987 Last acetylene light replaced by solar powered light
1988 (Oct) Lady Elliot Island lighthouse demanned (automated in 1982)
1990 Australian Maritime Safety Authority (AMSA) established
1992 Automatic weather station installed on Bougainville Reef light tower
1993 (Dec) Low Isles light replaced by solar powered light and lighthouse demanned
1995 (Sep) Lady Elliot Island light replaced by solar powered light on steel lattice tower
1997 New lights constructed in Great North East Channel, Torres Strait
1999 New light constructed near Hixson’s Cay, Swain Reefs
2003-2004 Lad’s Passage opened with new navigation aids
2010 Automatic weather station installed on Arlington Reef light tower
2011 Willis Island weather station seriously damaged by cyclone Yasi in February
reopened in December
2
 APPENDIX 2: Navigation Aids on the reefs and cays of the GBR, Torres Strait 
and Coral Sea - a list and details of structures in 2005
Scope
This list only contains navigation aids located on reef-top islands (shingle cays, sand cays, 
vegetated cays, low wooded islands), coral reefs and in navigation channels between coral reefs 
within the GBR, Torres Strait and Coral Sea regions. Navigation aids located on rocks, continental 
islands and mainland headlands within these regions are not included.
Sources
Information in this table has been obtained from various sources over a period of 20 years (mid 
1980s to mid 2000s). These sources include GBRMPA; DoT/AMSA (Allan Crossing 2004); 
Admiralty List of Lights and Fog Signals - Indian and Pacific Oceans, south of the Equator vol K, 
NP83, 2002/03; Lighthouses of Australia - The Offshore Lights by John Ibbotson, 2006.
Descriptions of Locations on reefs/cays; Types of navigation aid; Types of construction have been 
adapted into one consistent system based upon usage in the original sources and the content of this 
report. No information is given about the lights and the signals they emit.
Abbreviations: Types of Navigation Aid
B - Beacon also known as Daymark
ML - Manned light generally known as Lighthouse
MLV - Manned light vessel also known as Light ship
Ra - Radar reflector
Racon - Radar responder beacon
UL - Unmanned light also known as Unattended light or Automatic light
Abbreviations: Types of Construction
Conc. col. - Concrete column
GRP cab. - Glass reinforced plastic cabinet also described elsewhere as GRP hut
Steel lat. - Steel lattice tower also described elsewhere as Metal framework tower
S. S. lat. - Stainless steel lattice tower
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10º 49’ 142º 47’ 10-336 3252
(100)
UL Steel lat.
S.S. lat. on new 
conc. base
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12 º15’ 143º 16’ 12-013 3242.5
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13º 39’ 143º 43’ 13-081 3230
(80)
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U/N west of 
Iris Reef
13º 58’ 143º 43’ 13-109 ---
(77)


























14º 04’ 143º 51’ 14-006 3227
(76)


















(N side of low 
wooded isl’d)
14º 05’ 144º 20’ 14-018 3225
(73)







(N side of 
shingle cay 
at NE end of 
reef)






GRP tower/3 m 
S. S. lat. on old 
conc. base










2. Houses for 
ML on W cay 
3. light on 
cay on SW 
side of reef)  















(N side of 
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14º 28’ 144º 54’ 14-068 3221.4
(69)















(N side of 
reef)
14º 30’ 144º 59’ 14-090 3220
(68)
UL GRP cab./conc. 
col.
12 Apr 1969 
Coquet 
Island
(W end of 
cay)








































14º 44’ 145º 06’ 14-122 3217
(64)
UL GRP cab./conc. 
base
8 Nov 1958
Maxwell Reef 14º 47’ 145º 19’ 14-125 3215.5 UL GRP cab./steel 
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16º 31’ 145º 32’ 16-038 ---
(52)
B 4 steel rails 19 Sep 1960
Euston Reef
(W side)
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S. S. lat. on 4 
conc. piles
Cons 1976
Est 2 May 1979
Rib Reef
(NE side)
18º 29’ 146º 53’ 18-032 3120.7
(44)
UL GRP cab./conc. 
col.
Cons 1976
Est 2 May 1979
Hook Reef 19º 50’ 149º 14’ 19-136 ---
(36 to 
39)










19º 56’ 150º 16’ 19-220 3054.1 UL
Racon












20º 01’ 150º 15’ 20-115 3053 UL
Ra













20º 32’ 150º 23’ 20-297 3052 UL
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23º 55’ 152º 24’ 23-082 2963
(14)
UL S. S. lat. 16 Apr 1974
Lady Elliot 
Island
(SW side of 
cay)



















 B. Lads Passage (alternative route through inner northern GBR between Cape 
Melville and Cape Direction )
All these navigation aids are located at the side of the navigation channel - none are on 





















12º 52’ 143º 38’ --- 3233.32 UL/Ra GRP cab./single 
pile
2004
Robin Reef 12º 53’ 143º 42’ --- 3235.575 UL/Ra GRP cab./4 piles 2004
Thirteen 
South Rock










13º 12’ 143º 47’ --- 3235.05 UL/
Racon
GRP cab./4 piles 2004
First Three 
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13º 54’ 144º 14’ --- 3223.2 UL/
Racon
GRP cab./4 piles 2005
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9º 24’ 144º 14’ 3290 UL/
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on 4 piles. Helipad 
on separate 4 piles
1997
Dalrymple Islet
(W end of cay on 
W side of reef)
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(E end of reef)
10º 00’ 143º 02’ 3284
(113)
UL GRP Cab./S. S. lat. 10 Jul 1957
Smith Cay
(in channel)
9º 46’ 143º 19’ 3287 UL/Ra Single pile 2003
Sugar Ran Reef
(in channel)
9º 54’ 143º 13’ 3286 UL/Ra Single pile 2003
Caldbeck Reef
(in channel)
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UL ?




(NW side of reef)
10º 12’ 142º 49’ 3279
(108)
UL GRP cab./conc. col. 20 Apr 1962
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GRP cab./conc. col. 1997
North West Reef 
East
(S side, E end)












10º 30’ 142º 15’ 3265.2 UL Single pile/GRP cab. 
Helipad above
2004
East Strait Island 
Front lead
10º 30’ 142º 27’ 3258
(104)
UL GRP cab./conc. col. 29 Jun 1959
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D. Coral Sea


























17º 08’ 152º 09’ --- 3206.6 UL/
Racon






17º 26’ 151º 05’ --- 3206.7 UL/
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APPENDIX 3:  North Reef lighthouse - life and events associated with 
Queensland’s most remote manned light.
 
A refuge for shipwrecked mariners
North Reef lighthouse was the most isolated manned lighthouse in the GBR region. Its three 
keepers had a lonely existence between visits by supply ships. Nevertheless, from time to time they 
were able to assist mariners in distress. The sailing ship Noumea had departed from Mackay on 11 
February 1880 for the South Sea Islands to recruit labourers for the plantations in Queensland. 
Having recruited 99 islanders, including eight women, she left Santo Island for the return voyage on 
5 May but at 7:30 pm on 13 May she struck Saumarez Reef in the Coral Sea east of the GBR. 
Captain Belbin had reckoned that he was 30 miles (48 km) east of this reef but his chronometer was 
apparently out of order. Thirty of the islanders were transferred to a sand bank on the reef but 
increasing wind and rising seas prevented the two life boats from returning to the ship where a 
heavy sea was breaking over it. The islanders remaining on the ship had an abundance of 
provisions; those on the sand bank had none. Each lifeboat had only 5 gallons (22.7 litres) of water 
and a bag of mouldy biscuits. Next day the captain and seven others set out to get help and reached 
North Reef  at noon on 16 May. “After being provisioned and treated well by the Light house 
keeper” they left at 5:30 pm to continue their voyage to the coast. They were picked up early the 
1
Photo by Michael Gourlay - 28 Aug 1984
next day by a passing steam ship Keilawarra and reached Rockhampton that evening. A relief ship 
was dispatched and was expected to arrive at the scene of the wreck in the late morning of 20 May.1 
 On the night of 10 March 1886 the lighthouse boat capsized in the surf soon after leaving the 
supply boat from Rockhampton, as did the latter’s boat which tried to rescue the light-keepers in it. 
Two of the keepers swam to the cay and launched their other boat and all persons were rescued. All 
of the seven men involved in this incident “were nearly gone, and some of them were much knocked 
about.” On that night the light was extinguished from 2 am until daylight since there was no one 
available to look after it.2
On Friday morning 30 October 1896 the superintendent at North Reef lighthouse, William Picken 
and his wife saw a small boat coming across the reef and, in anticipation of receiving some 
unexpected visitors, boiled some water; made a billy of tea and went out to meet the new arrivals as 
they landed on the cay at 10 am. The seven men were in a terrible condition from exposure to the 
sun and being wet for more than ten days. Indeed they were unable to stand up when they reached 
the shore. They were treated most kindly and “everything that could be done was done for us” Mr 
Carmichael, the ship’s mate in charge of the boat, reported after they finally reached Cape 
Capricorn at 3 am the following day.3
The news that the missing boat from the wrecked steamer Dayspring had been found and that “All 
hands are safe, but they suffered terribly on the voyage”4 rapidly traveled along the telegraph wires 
of the four eastern Australian colonies. Dayspring belonged to the Presbyterian Missionary Society 
and serviced its various missions in the South Sea Islands. It had struck an uncharted reef and 
became a total wreck somewhere north of New Caledonia on Friday 16 October. All the crew left 
the ship safely in two well provisioned boats. One with the Captain and nine others reached safety 
within a few days but the other with the mate and six others lost contact that evening and it was 
feared that they had drowned.5 Indeed they nearly had been drowned. On the Saturday night a 
passing squall carried away the boat’s mast. After some days of bad weather they decided to run for 
the Queensland coast. On the following Thursday morning the boat capsized when running before a 
southeasterly gale. All aboard, including a small dog, managed to escape from under the boat and 
climb onto the hull. Eventually they righted the boat and bailed it out. They lost most of their food 
and their water was contaminated with salt water. In due course they reached Long Island in the 
Chesterfield Islands where there was an old whaling and guano station. With some coconuts, dried 
turtle and birds and brackish water they managed to survive for several more days on the voyage 
from there to North Reef.6
2
1 Morning Bulletin (Rockhampton) 1880 May 18, p. 2; Brisbane Courier 1880 May 19,m p. 2.
2 Brisbane Courier 1886 March 13, p. 4.
3 Geelong Advertiser 1896 Nov 3, p. 4; North Queensland Register 1896 Nov 4, p. 33. There is some uncertainty as to 
which day the boat reached North Reef. The mate’s report says Friday; other reports suggest Thursday; another says 
Tuesday. The last is probably an error.
4 Brisbane Courier 1896 Nov 2, p. 4.
5 Camperdown Chronicle (Vic) 1896 Oct 24, p. 2; Mercury (Hobart) 1896 Oct 28, p. 2.
6 Geelong Advertiser 1896 Nov 3, p. 4; North Queensland Register 1896 Nov 4, p. 33.
While the light-keepers at North Reef were able to assist ship-wrecked mariners from time to time, 
their own existence was both a lonely and insecure one. As early as 1883 the portmaster reported 
that “The health of the lightkeepers at North Reef lighthouse has not been quite satisfactory lately, 
and I have given instructions to have them supplied with lime-juice and preserved meat and 
vegetables, on a somewhat similar scale to that in use at the lightships in the Inner Route.”7 In 
April 1911 William Picken retired after 28 years at North Reef. While his wife had been with him 
for the last four years and indeed also during the 1890s, North Reef was considered “a lonely 
station, seldom visited by a ship, the monotony of life being broken by one month’s leave of absence 
each year.” During this period there were three occasions when accidents or illness of his assistants 
required that he leave the lighthouse and take the man to the mainland (Keppel Bay) by sailing 
boat.8  In late February 1921 a new contractor, a Mr W. Hodge from Gladstone, commenced 
servicing North Reef and three other lighthouses, including Lady Elliot Island, using his schooner 
Lyola. Arriving at North Reef on 24 February, the schooner was taken across the reef and beached 
under the lighthouse. It was reported that “The Lyola is the first vessel that has crossed over the reef 
and anchored under the lighthouse.” Hodge found the three light-keepers starving. There had been 
no government ship for nine weeks and the only food the men had had for the last week were turtle 
eggs and a little cornflour.9 In May 1932 and again in February 1951 launches made the round trip 
from Gladstone to North Reef and return to bring back light-keepers needing urgent medical 
attention.10
3
7 QPLA, V&P 1883, Vol. 2, p. 1817.
8 Brisbane Courier 1911 Apr 12, p. 4.
9 Brisbane Courier 1921 Mar 2, p. 7; Gladstone Observer 1921 Mar 2, p. ?.
10 Brisbane Courier 1932 May 20, p.12; Morning Bulletin (Rockhampton) 1951 Feb 21, p. 1.
Lyola anchored on reef flat beside lighthouse - February 1921 
(Post card from Peter Marquis-Kyle collection)
The wreck of the Cooma - the light-keepers unable to be of any assistance
The biggest event in the history of North Reef lighthouse was the 
wreck of the interstate passenger steamer Cooma on the evening of 
7 July 1926. Cooma had been refitted recently by its new owners, 
the Australasian United Steam Navigation (AUSN) Company,11 and 
was on its subsequent first voyage northward with passengers, 
mostly tourists, from Melbourne, Sydney and Brisbane bound for 
Mackay, Townsville and Cairns for the winter tourist season in 
north Queensland. The weather was fine and calm and the 
lighthouse, 24 m high and visible from a distance up to 20 km, was 
only about 1.5 km away when the ship struck the southeast side of 
the reef at high tide. At 6:15 pm, just after the first sitting for dinner 
had commenced, passengers felt a bump and the ship’s engines 
stopped. The captain and first officer rushed up on deck but there 
was no panic. Many passengers continued their meal; indeed most 
of them regarded the disaster as a great adventure. After the crash 
one of the passengers Father Mangan started to play the piano and 
then to sing and during the evening the morale of the passengers 
was maintained by an impromptu concert with songs accompanied 
on the ship’s piano.12
4
11 Cooma was built in Glasgow in 1907 by A. Stephen & Sons Ltd for Howard Smith Co Ltd, Melbourne. She had been 
sold to Australian Steamships Ltd, Melbourne in 1913, later Australian Steamships Pty Ltd in 1920, and acquired by 
AUSN Co circa April 1926. The Howard Smith Company were her managing agents. (The Australian Register of British 
Ships 1907; Lloyds register of British & Foreign shipping 1925-26; The Register (Adelaide) 1926 Jul 8, p.13; Singleton 
Argus 1926 Jul 10, p. 7). Information about the Cooma’s owners was supplied by Karen Pymble of the Australian 
National Maritime Museum, Sydney.
12 This account is based on various newspaper reports published in July 1926: 
Sydney Morning Herald 9, p. 12; News (Adelaide) 9, p. 8; Singleton Argus 10, p. 7; Townsville Daily Bulletin 13, p. 9; 
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Museum)
Cooma’s SOS wireless messages had been picked up by several ships and the captain addressed the 
passengers in the music room at 10 pm telling them that two ships would be arriving at 11 or 11:30 
pm. Soon after he had finished speaking the lights of the cargo ship Burwah were seen at 10:30 pm 
followed an hour later by Ulooloo. There was a heavy swell breaking on the reef at low tide but, 
since the passengers and crew were in no danger, their transfer was deferred until the next morning 
by which time the survey ship HMAS Moresby had also arrived. 
The transfer of passengers to the Burwah commenced at 6 am the following morning with women 
and children being taken off first. They had to climb down rope ladders suspended over the ship’s 
side into one of six life boats which were rowed 180 m away from the ship. Each boat was then 
towed to Burwah by one of Moresby’s launches. By 10 am all passengers and some of their baggage 
had been transferred to Burwah and the crew transferred to Moresby. Low tide at about 11 am 
prevented any further baggage transfers. No lives were lost; one woman had her fingers crushed and 
“the second officer in charge of one boat slipped and fell into the water”13 but was retrieved soaked 
but uninjured.14
5
13 Cairns Post 1926 Jul 14, p. 3.
14 Early newspaper reports say there were more than 200 passengers on board Cooma - every berth was occupied. 98 
passengers had embarked at Sydney and Melbourne for ports north of Brisbane. There were 84 crew members (SMH 
1926 Jul 9, p. 12). However, a later report states that there were 149 passengers - 107 first class and 42 second class 
(Chronicle (Adelaide) 1926 Jul 17, p. 53).
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July 17, p. 34
During the transhipment of passengers “Three whales were seen close to the Cooma and some fine 
snaps [photos] of them were taken.” Prints of these were later exhibited by Kodak in Rockhampton 
and Townsville.15 However, the whales followed the boats causing anxiety among some of the 
passengers who feared that they would overturn the boats. “You should have seen the faces of some 
of the women when the whales came into sight,” one young woman commented. “Oh what are 
they?” another woman asked. “They’re whales looking for the Jonah ... ” the young woman 
answered. Whale watching was definitely a new experience for these tourists!16
The Burwah took the passengers to Port Alma where a special train was waiting to take them to 
Rockhampton. Overnight accomodation was provided there in hotels. Some passengers had all their 
baggage with them; others had only the clothes they were wearing. Most continued their journey 
north in a special train although some returned south immediately by ship from Port Alma. The 
crew were put ashore from HMAS Moresby and traveled back to Brisbane by the Rockhampton 
mail train. Having been informed previously that property, including jewellery worth about £250, 
belonging to passengers from the Cooma was missing, plain clothes police searched the luggage of 
the crew as soon as they arrived in Brisbane. Nothing was found in the luggage. However, some 
items of jewellery were found scattered on the platform.17
While for many passengers their experience was a great adventure which they had come through 
unscathed, others had a different view about North Reef. 
“North Reef is one of the numerous reefs along the Queensland coast which are a menace to 
navigation.”18
At the time of writing this report (2018) navigation is considered by many people to be a menace to 
reefs!
“North Reef ... is one of the most loneliest (sic) and most desolate spots on the Queensland coast. 
The reef is about a mile and a quarter (2 km) in diameter and only a few shrubs and portion of a 
sandbank are visible at high water. ... On the reef, there are a light house and a signal station, 
attended by three men. ... The light house keepers spend several months at a stretch at their lonely 
outpost.”19
The reefs of the GBR were not included in tourist itineraries in the 1920s!
A Court of Marine Inquiry was held in Melbourne on 28 to 30 July 1926. The Cooma’s captain, 
George Colston Maine, was charged: “That, on July 7, while master of the Cooma he failed in his 
duty in a matter relating to the navigation of the ship under his charge, in that, on approaching 
North Reef, he failed to navigate the ship with due caution, with the result that she was stranded on 
the reef and was subsequently abandoned.”20 Captain Bolger, Deputy Director of Navigation, stated 
that at 5:24 pm on 7 July, when the Chief Officer was in charge of the vessel, Captain Maine had set 
6
15 Cairns Post 1926 Jul 14, p. 3.
16 Newcastle Sun 1926 Jul 15, p. 5.
17 Brisbane Courier 1926 Jul 16, p. 7.
18 Sydney Morning Herald 1926 Jul 9, p. 12.
19 Singleton Argus 1926 Jul 10, p. 7.
20 Argus (Melbourne) 1926 Aug 4, p. 9.
the ship’s course by compass. Just after the Third Officer had relieved the Chief Officer at about 6 
pm, the Captain returned to the bridge for a few minutes but did not alter the ship’s course. Several 
minutes later at about 6:09 pm the ship struck the reef.21
In the subsequent Court proceedings there was considerable discussion about the tides and their 
currents in the vicinity of North Reef. In his defence “Captain Main stated that he intended to pass 
about 21/2 miles [4 km] off the lighthouse. The tide was two hours off full. The weather was clear 
and the sea smooth. He had been twenty years in the Queensland trade, and had a large experience. 
The course he intended to take would be 13/4 miles [2.8 km] off North Reef. ... He attributed the 
disaster to the phenomenal set of the tide that night, and the fact that the tide was working against 
those set down in the tide-tables. In the afternoon, the ship should have been setting two degrees to 
the west, but was setting two degrees to the east, and he had to haul her in two degrees. [He] could 
not see the reef on the night the vessel struck. He was aboard for four days after that. On no 
occasion was the reef covered at high water; yet according to the tide-tables, high water on the 
night the vessel struck should not have been so high as on the following nights. This seemed to 
indicate some phenomenal submarine working.”22 Other witnesses from the crew testified that the 
reef was covered with water when the ship was stranded.
On the third day of the Inquiry two witnesses from the Australian Steamship Company in Brisbane, 
who had been on the tug Coringa which had arrived off North Reef on 10 July, testified that there 
was a very strong current about 300 yards (275 m) astern of Cooma. Currents there were erratic and 
inconsistent with the tide tables. Nevertheless, they thought that “the master of the Cooma had 
every reason to think his vessel would pass at a safe distance from the reef.”23
On Tuesday 3 August 1926 the Court of Marine Inquiry found that the charge as laid against 
Captain Maine had been sustained. After reviewing the master’s actions in setting the ship’s course 
as she approached North Reef the court found that “... Considering the known irregularity in the 
strength and set of the tides in this locality, and the fact that North Reef lay a mile [1.6 km] to the 
east of the lighthouse, the course set by the master was very fine. When the master came on the 
bridge at 6:02 pm he should have remained there with the officer on watch for sufficient time to 
have enabled him to have taken steps to verify the position of the vessel. This would have 
undoubtedly have shown him that the vessel was in a position of danger, and that an alteration in 
her course was necessary.”24
Captain Maine’s certificate of competency as a foreign-going master was suspended for two 
calendar months from the date of the stranding of the vessel.
Cooma was stuck on the reef at low tide and attempts to tow her off the reef at high tide were 
unsuccessful. On 23 August a Brisbane syndicate had almost refloated her when the towline 
snapped and she drifted back onto the reef.25
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23 Daily Mercury 1926 Jul 30, p. 4. See also  Age 1926 Jul 30, p. 12; Brisbane Courier 1926 Jul 30 p. 7; and Telegraph 
(Brisbane) 1926 Jul 30, p. 8.
24 Argus 1926 Aug 4, p. 9.
25 Loney, J., Australian Shipwrecks Vol. 4 1901-1986. Marine History Publications, Port Arlington, Vic, 1987, p. 121.
In mid December 1926 three men working for the Cooma salvage syndicate arrived at North Reef 
to dismantle the fittings on the Cooma before a possible attempt to refloat the vessel was made. The 
weather was rough and a boatswain’s chair was set up to transfer goods across the reef to Cooma. 
Six weeks later on the evening of Tuesday 25 January 1927, the light keeper saw a small red glow 
on Cooma. Some time later he looked in that direction again and saw that the glow was larger. 
Cooma was on fire. Immediately, he and his assistant launched the lifeboat and hurried out to the 
outer reef where Cooma was stranded. Their attempts to wake the men aboard the vessel were 
unsuccessful but fortunately smoke from the fire woke one of the men. All three managed to escape 
from Cooma using the boatswain’s chair and swimming or wading through the surf to reach the 
lifeboat. The latter took them back to the lighthouse, arriving there about 1:30 am on Wednesday 
morning. From there they watched the Cooma burn. In the morning wireless signals were sent out 
to vessels in the area and late that afternoon the steamer Chronos arrived off the reef. A lifeboat 
from that vessel was sent to pick up the three survivors for their return voyage to Brisbane. 
Coincidentally, the officer in charge of this lifeboat, Mr A. Forbes, was second officer of the Cooma 
on the night when she struck the reef.26
The fire was believed to have been caused by gasses from the rotting cargo in No 3 hold igniting by  
spontaneous combustion. That cargo included perishable goods and produce. A considerable portion 
was fodder sent from Sydney for starving stock in districts west from Townsville. Another 
possibility was a lightning strike since there was much lightning that evening.27
The prompt rescue of the Cooma’s passengers and crew was possible because the Cooma and other 
vessels in the area were able to communicate by wireless. However, the light-keepers at North 
Reef lighthouse were not involved because they did not have access to wireless, even though it 
had been recommended in a Federal Arbitration Court hearing a few years earlier “that lighthouses 
should be equipped with wireless in order to relieve the loneliness of the light-keepers’ lives.”28
Postscript
In recent times the very different fates of two similar ships, which were wrecked in GBR waters 
during the first half of the 20th century, have been compared by maritime archaeologists from the 
Queensland Museum. The Yongala sank in deep water about 20 km east of Cape Bowling Green 
during a cyclone in March 1911 with everyone on board lost. The Cooma grounded on North Reef 
in July 1926 during fine weather with no lives lost. Issues considered include future research that 
could be carried out, how the sites should be managed and how these events could be interpreted for 
visitors to the Museum of Tropical Queensland, Townsville, both non-divers and divers.29
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APPENDIX 4: Modelling wave-driven currents on a small planar reef                  
- model of North Reef
During the 1980s the author was involved with research concerning wave transformation, wave set-
up and wave-driven currents on coral reefs. He conducted two dimensional laboratory experiments 
at The University of Queensland and led a collaborative project involving colleagues from UQ, 
JCU, ADFA and AIMS measuring wave transformation in the field at John Brewer Reef, offshore of 
Townsville, where a floating hotel provided accomodation for field workers. The results of the 
laboratory and field research have been reported in several papers (Gourlay 1994, 1996a, 1996b, 
1997, Gourlay & Colleter 2005, Hardy et al 1991, Massel & Gourlay 2000).
A subsequent project was planned to measure 
wave-driven currents on North Reef, a small 
planar reef with both a windward shingle bank and 
a leeward sand cay. It was hoped to house 
equipment and researchers in the demanned light 
house. This project did not proceed because the 
Department of Transport would only allow access 
to the lighthouse when their staff were present for 
maintenance and also because insufficient funds 
were granted by the funding organisation.
However, a three dimensional laboratory model of North Reef was constructed in the large wave 
basin at The University of Queensland and experiments made to measure the pattern and speed of 
the wave-driven currents on the reef top for the dominant ESE wave direction at various wave 
conditions and tide levels. Model construction commenced in September 1989 but preliminary 
experiments did not start until March 1991 because of problems with the wave generators. 
Experiments were completed in late October 1991. On 9 and 11 July the model was open for 
inspection by attendees at the Australian Marine Science Association Conference.1
The model was demolished in November/December 1991 and replaced by a similar model of Raine 
Reef which was constructed in January/March 1992.
1
1 The model was constructed by Kevin Weise assisted by John Apelt. Experiments were made by Jennifer Hacker 
assisted by Kevin Weise. Basic data analysis was undertaken by Jennifer Hacker.
Photo by Michael Gourlay - 28 Aug 1984
The scales of these two models were 1 in 250 (horizontal) and 1 in 50 (vertical). Offreef wave 
conditions (height and period) and tide levels were varied in the experiments. Wave set-up was 
measured using piezometers set into the model reef-top and connected to manometer wells outside 
the wave basin. Wave-driven current velocities on the reef-top were measured by timed floats  and 
ocean wave heights with capacitance wave probes. Full details of the experimental arrangements, 
the wave basin, construction arrangements, measuring equipment, etc used in both models is given 
in the author’s report on the Raine Reef model experiments (Gourlay 1995).
Apart from two figures and brief accompanying text published in a Conference paper (Gourlay 
1993), no results were ever published for the North Reef model because of lack of time to prepare a 
more extensive publication. It had been intended that a general Civil Engineering report similar to 
the Raine Reef one would be published, together with a journal paper reporting and comparing the 
different wave set-up and current patterns on these two small exposed reefs with different shapes 
and topographies.
The North Reef model experiments show the significant influence of topographic controls on the 
wave-driven current systems on small reefs. Figure 5 from Gourlay (1993) shows two conditions 
from the many examined on the North Reef model. “At high tide (Figure 5a) set-up generated by 
waves breaking on the eastern (windward) side of the reef provides the gradient for westward flow 
straight across the reef-top. Tide level control occurs and the reef-top topography does not 
dominate. At low tide2 (Figure 5b) flow occurs from the region of maximum set-up on the 
southeastern corner of the reef to the northwestern side of the reef where the reef-rim is low. There 
the current flows off the reef as over a broad crested weir, preventing waves propagating onto the 
reef along that part of the reef edge.
“Essentially the wave-induced currents flow from the breaker zones created by large waves to 
topographic low points or regions of low breaker height. This behaviour is consistent with earlier 
observations in a physical model of the fringing reef on the southern side of Norfolk Island 
(Gourlay 1965). Along the sides of small reefs such as North Reef and Raine Island, waves breaking 
at an angle to the reef edge also generate alongshore-type currents on the reef-rim.”(Gourlay 1993)
2
2 Actually mid tide level in the example given in Figure 5b.
Subsequently, field measurements of wave-driven currents were made on the reef flat on either side 
of the western end of Heron Island over a period of twelve months. Results of these measurements, 
which show how the reef-top currents varied with offshore wave conditions and tidal conditions, 
have been extensively analysed and published in two reports (Gourlay and Hacker 2008a & b).
The experimental data and photos relating to the North Reef model experiments have been/will be 
placed in UQ’s Fryer Library with the author’s other coral cay research material.
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APPENDIX 5: Photographic Album of Navigation Aids and AWSs discussed in 
this report
Editing of images
As stated in the Acknowledgements, the images in this album have been obtained from various 
sources over a period of more than thirty years. In most cases the original views were colour slides, 
colour prints or black and white prints but more recent ones have been digital images. The quality 
of the originals varied and in some cases the original has deteriorated because of poor storage 
conditions. Where necessary and possible both original and scanned digital images have been 
enhanced by basic digital editing, i.e. removal of marks/spots, rotation and cropping to correct 
nonhorizontal horizons, etc. In a few cases, where the original colours have faded, images have 
been adjusted or filtered to produce a clearer image but not necessarily in natural colours. Some 
original views were available in more than one form (slide, print, digital image). In these cases the 
best one after editing was chosen.
The contribution of Nigel Holmes of  The Gap Photography Centre in scanning most of the slides, 
undertaking some of the basic editing of them, as well as dealing with some difficult cases, is 
gratefully acknowledged.
Sources of images
If only a name is given that person is the photographer.
If the acronym of an organisation follows a name that person supplied the photograph from that 
organisation’s files - photographer’s name is not available.
If the name or acronym are replaced by (not available) the original source and photographer are 
unknown.
Acronyms are defined in the main text: Chapter 9. Acknowledgements, page 43.
5.1 Raine Island - images a,b,c,d,f - Michael Gourlay; image e - David Hopley; image g - Jennifer 
Hacker
5.2 Lady Elliot Island  - images a, b, c - Peter Ogilvie; Low Isles - images d, e - Michael Gourlay
5.3 North Reef  A - image a - Peter Ogilvie (not available); image b - Isobel Bennet; image c - 
Allan Fulton; image d - Allan Crossing (AMSA)
5.4 North Reef  B - image a - Michael Gourlay; images b, c - Peter Marquis-Kyle
5.5 Pipon Island - images a, e - Allan Crossing (AMSA); images b, c - David Hopley; image d - 
Allan Fulton
5.6 Heath Reef - image a - Redmond Faulkner; images b, c, d, e, f, g - Allan Crossing (AMSA)
5.7 Chapman Reef - images a, b - Allan Fulton; image c - Allan Crossing  (AMSA)
5.8 Arden Island/ Lady Musgrave/Middle Reef - images a, b, c - Allan Fulton; Coquet(te) Island 
- image d - David Hopley
1
5.9 Cato Island & Lihou (Turtle Islet) - image a - Robert Hornsby (DoC Report); images b, c, d - 
Graham Linnett (BoM)
5.10, 5.11, 5.12. Flinders Reef A, B, C  - all images - Graham Linnett (BoM)
5.13 Marion Reef - images a, c - Robert Hornsby (DoC); images b, d - Graham Linnett (BoM)
5.14 Holmes Reef - image a - Robert Hornsby (DoC Report); image b - Graham Linnett (BoM); 
images c, d - Cathie Young (BoM)
5.15 Gannet Cay A - images a, c, d, e, f - Graham Linnett (BoM); image b - Robert Hornsby (DoC 
Report)
5.16 Gannet Cay B - all images - Graham Linnett (BoM)
5.17 Gannet Cay C - images a, b, c - Graham Linnett (BoM); image d - Peter Flood
5.18 Frederick Reef A - all images - Graham Linnett (BoM)
5.19 Frederick Reef B - images a, b, c - John Mizen (DoT); image d - Robert Hornsby (DoC 
Report)
5.20 Frederick Reef C - all images - John Mizen (DoT)
5.21 Frederick Reef D - all images - Graham Linnett (BoM)
5.22 Frederick Reef E - all images - Allan Crossing (AMSA)
5.23 Creal Reef - image a - Robert Hornsby (DoC Report); image b - Not available (DHC); image 
c - Not available (BoM); image d - Not available
5.24 Hixson Cay  & Lads Passage -  all images - Allan Crossing (AMSA)
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5.1 Raine Island beacon and its restoration
turtles coming out of sea - 20 Dec 1984
undermined foundation of beacon 
16 Jul 1984






aerial view from the west - 20 Dec 1984 aerial view from northeast - 20 Dec 1984
repairing beacon tower - 4 August 1987
fallen cay rock undermined by turtles 
 21 Dec 1984
5.2 Lady Elliot Island and Low Isles lighthouses
Lady Elliot Island - old lighthouse
constructed in 1873
Below
d Low Isles cay - view from north
e Low Isles lighthouse - constructed in 1878




Lady Elliot Island - new light tower
constructed in 1995
new and old lights photographed on 
22 Dec 2005
Lady Elliot Island - 4 March 1996
old and new lights on lower shoreline
a
5.3 North Reef lighthouse - 1926 to 1987
lighthouse on reef flat - 1926 lighthouse on beach - Dec 1950
lighthouse at crest of beach - 1963 lighthouse on cay - Aug 1987
a b
c d
5.4 North Reef Cay and lighthouse - 1984 to 2014
North Reef cay and lighthouse - 28 August 1984
view from southwest
North Reef cay and lighthouse - 17 Aug  2006
view from southeast





5.5 Pipon Island light tower
original prefabricated light tower - 1973
stainless steel tower and base of old tower - after 1978





5.6 Reconstruction of Heath Reef light
                                                           
 
constructing 
new light on 




to old base 








original steel light tower - 1945/1950
new light and replacement tower - Nov 1985
completed 
new light 
on old base 
Nov 1985
new light and helipad on 1980 base 
ca 1992
replacement tower and old base - 4 May 1985
5.7 Chapman Reef light replacement
new light tower under construction next to original light tower - Oct 1982
constructing new foundation - Oct 1982 new light with helipad on old base - ca 1983
a
b c
5.8 Miscellaneous navigation aids
Arden Island light tower 
Great North East 
Channel with helicopter 





Island             
Dec 1984
daymark, 
Middle Reef  
1971
Coquet(te) Island
light tower is on 
right hand 
(western) end of 





5.9 Cato Island & Lihou Reef (Turtle Islet) AWSs
Cato Island AWS - Nov 1975
Cato Island AWS 









Lihou Reef - AWS on Turtle Cay - 1988
5.10 Flinders Reef AWS - April 1977
view from reef flat of AWS on sand cay
view from AWS of eroded base of 
aerial mast and exposed beach rock
5.11 Flinders Reef AWS - 1988 
AWS on sand cay with LARC alongside - 1988
view of cay from AWS - 1988
5.12 Flinders Reef AWS - solar panels
solar panels on AWS before cleaning - 1988
solar panels on AWS after cleaning - 1988
5.13 Marion Reef (Carola Cay) AWS - 1975 and 1976
AWS located on cay
          Nov 1975




5.14 Holmes Reef AWS
Holmes Reef AWS on edge of cay 
Nov 1975
Holmes Reef AWS surrounded by 
water - 7 Feb 1980
a b
Original Holmes AWS 
before 4 July 2007
Reconstructed Holmes Reef AWS
Nov 2017
c d
5.15 Gannet Cay AWS - September 1972 to April 1977
birds on cay around AWS 
Apr 1977







AWS in centre of grassed cay  
13 Sep 1972
LARC servicing AWS on cay  
Nov 1975
birds flying around AWS on cay 
Dec 1976
eroded base of aerial mast 
Dec 1976
5.16 Relocation of Gannet Cay AWS - May 1979
AWS at edge of sand cay partly eroded foundation of AWS
relocation of AWS - driving piles
relocation of AWS - driving pilesrelocation of AWS - moving structure
5.17 Erosion around Gannet Cay AWS - February 1980 and later 
continuing erosion around new piles 
5 Feb 1980
erosion scarp and aerial 




continuing erosion around new piles 
5 Feb 1980
cay has moved away from AWS 
leaving all foundation piles exposed 
July 1985
5.18 Frederick Reef light and AWS - April 1977
tubular stainless steel light tower
located on cay
view of cay from tower 
looking north
view of cay from tower 
looking south
5.19 Frederick Reef light and AWS - 1984 and 1975
navigation light/AWS tower before cay moved - 8 Jan 1984







5.20 Frederick Reef - erosion after cay movement - Jan 1986
waves breaking under eroded 
foundation piles exposed under eroded foundation
piles exposed under eroded foundation
cavity under eroded foundation exposed pile supporting foundation
5.21 Frederick Reef light tower - 1988
LARC servicing AWS view of cay looking south from tower
LARC servicing AWS - view from top of tower
5.22 Frederick Reef light tower - 1999
light tower and cay viewed from sea
light tower surrounded by water
LARC servicing light on edge of cay waves breaking on tower base
5.23 Creal Reef AWS and navigation aid
LARC servicing Creal Reef AWS
pile foundations exposed - Nov 1975
foundation for navigation light tower
cay behind AWS in background - Nov 1984 Creal Reef navigation light tower 1988
aerial view of Creal Cay located between light tower 




5.24 Hixson Cay and Lads Passage navigation aids
Swain Reefs navigation aid near 
Hixson Cay 1999 - 2003
Lads Passage 




Lads Passage Sunk Reef nav aid 
2003
Lads Passage Robin Reef nav aid 
2003
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